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Tue Astronomical Observatory of Yale University owes its existence to the liberality of 
citizens of New Haven, — Otiver F. Wincuzster, who gave to Yale a tract of land of some 
thirty-six acres in the northern part of the city, adjoining another tract of about six acres 
previously given by Mrs. Cornetia L. HiItLuouse and her daughters for the site of an 
observatory. 

Of this land about nine acres were set apart for the observatory lot in 1880, and an 
establishment planned by the Board of Managers, which then consisted of — 

Prof. C. S. Lyman, President, 

Prof. Exias Loomis, 

Jacop CaMPBELL, Esq., 

Prof. H. A. NEwrTon, Secretary, 
with the co-operation of Dr. LEonarp ‘Watpo, who had inaugurated under their auspices a 
Bureau of Verification of Horology and Thermometry, and a public Time Service. 

The buildings which were erected in 1882 consist of a central two-story brick structure, 
36 by 50 feet, containing offices for the bureau, clock, and chronograph rooms, laboratory 
for the thermometric work, library, and accommodations for two assistants; a wing, 16 by 36 
feet, for a meridian instrument, and two towers carrying 15-foot domes. Two frame houses 
were also built on the observatory lot for residences for the astronomers. 

The astronomical equipment secured at that date was :— 

A Heliometer of six inches aperture by REPsoLp; an Equatorial of eight inches aperture by Gruss, presented 
by E. M. Reep, Esq. ; a four-inch Transit by TRouGHToN and Simms, given by Dr. W. HILLHousE ; three, astronomical 
clocks, one by Bonn, one by Howarp, and a third made and presented by Dr. W. HILLHousE ; and two chronographs. 

The cost of the buildings and equipment was mainly met by an advance from the funds 
of the University, in addition to donations from Jacop CAMPBELL, Esq., Rosert Brown, 
Esq., W. D. Ety, Esq., Mrs. W. W. WincuestTer, R. L. Wortuincton, Esq., and James E. 
ENGLISH, Esq. 

In 1894 an ee mounting by ena AND SwWaASEY, carrying a number of cameras 
for the photography of meteors, was acquired, and in 1900 a second station was equipped 
with an equatorial stand by Gruss. The expense of these was defrayed from a grant from 
the J. Lawrence Smitu Fund of the National Academy of Sciences. 


e: PREFACE. 


On the organization of the Observatory, in 1882, Prof. Husert A. Newton was 
appointed Director. He resigned the office in 1884, but continued, as Secretary of the Board 
of Managers, to control the policy of work of the institution until his death, in 1896. The 


undersigned was appointed Director in this latter year. 
The several gentlemen who have been connected with the Observatory up to the present 


date are as follows: — 
Lronarp Watpo, Astronomer in Charge of the Horological and Thermometric Bureaus, 1879 to 1887. 
WituaM Besse, Assistant in Time Service, 1880 to 1881. 
C. N. Litre, Assistant in Time Service, 1880 to 1881. 
J. E. Kersuner, Assistant, 1880 to 1882. 
O. T. SHERMAN, Assistant, 1881 to 1884, and Astronomer in Charge of the Thermometric Bureau, 1884 to 1886. 
-Rozert Brown, Secretary, 1882— 
R. W. Witison, Assistant in Time Service, 1882 to 1884. 
W. L. Exxry, Astronomer in Charge of the Heliometer, 1884 to 1896, and Director, 1896— 
AsapH HALL, Jr., Assistant, 1885 to 1889. 
E. G. FULLERTON, Assistant in Time Service, 1885 to 1886. 
C. B. Peck, Assistant in Thermometric Bureau, 1886 to 1899. 
Joun Wuirmorr, Assistant in Time Service, 1889 to 1890. 
B. W. McFartanp, Assistant in Time Service, 1890 to 1891, 1896 to 1897. 
F. L. Cuase, Assistant Astronomer, 1890- 
W. W. ELLswortu, Assistant in Time Service, 1891. 
C. H. Ewine, Assistant in Time Service, 1891 to 1893. 
J. M. Moors, Assistant in Time Service, 1892 to 1893. 
J. E. Lewis, Assistant in Time Service, 1892 to 1896. 
G. K. Lawton, Assistant, 1896. 
M. F. Situ, Assistant, 1897- 


The following have been engaged in computing work for the Observatory : — 


E. P. Austin, 1889 to 1890. 
Miss M. PALMER, 1889- 
Miss J. S. NEwron, 1896- 
Miss C. Newron, 1901- 


The observational activity of the Observatory may be briefly summarized as follows: — 
HELIOMETER. 


Measures of Transit of Venus, 1882, WaLpo and KersHNER; Triangulation of Pleiades, 1884 to 1886, ELKIN ; 
Diameters of Venus, 1884, Saturn, 1885, Mars, 1888, ELKin; Distances of Moon from Stars, 1884 to 1885, ELKIN ; 
Parallaxes of First Magnitude Stars, 1885 to 1894, ELxin; Orbit of Titan, 1885 to 1887, Hat; Triangulation of 
Polar Stars, 1888, ELKIN ; Observations of Iris, 1888, Victoria and Sappho, 1889, for Solar Parallax, ELKIN and HaLt; 
Diameters of Sun, 1889, Exkin and Hatx; Triangulation of Victoria Comparison Stars, 1890, CHAsE; Triangulation of 
Coma Berenices, 1891 to 1892, Cuase; Observations of Satellites of Jupiter, 1891, ELKin and Cuase; Parallaxes 
of Algol, 1892, and 8 Cygni, 1893, Case; Parallaxes of Proper Motion Stars, 1893 to 1904, CHASE, ELKIN, and SMITH ; 
Second Triangulation of Pleiades, 1900 to 1902, SmirH; Parallax of Mova Perset, 1g0r to 1902, CHASE. 


EQUATORIAL. 


Photographic Observations of Transit of Venus, 1882, WILLSON ; Spectroscopic Observations, 1885 to 1886, 


Sore Diameter of Venus, 1885, SHERMAN; Occasional Observations of Asteroids and Comets, 1890 to 
1899, CHASE. 


TRANSIT. 


Continuous Time Signals and Determinations, 1880 to 1904. 


PRERACE. vii 


PHOTOGRAPHIC APPARATUS. 
Observations at Meteor Shower Epochs of Perseids, Andromedids, Lyrids, and Leonids, 1893 to 1903, ELKIN, 
CuasE, and SMITH, with assistance of a number of additional observers. 
The income of the Observatory has been derived partly from the fund left by Prof. 
Extas Loomis, partly from the proceeds of the Time Service and the Verification Bureaus, 


and at the outset from contributions of Yale alumni, as set forth in the Annual Report of 
the Observatory for 1883-1884. 


The present volume contains the results of work carried out from 1884 to 1894, and of 
the Second Yale Pleiades Triangulation, made in 1900 to 1902. 


WILLIAM L. ELKIN. 


SEPTEMBER, 1904. 


‘ 
+ 
. * 
ee 
’ 
: < 
~ 
~ 
~ 
1 + 
- 
{ 
° 
E € 
. . 


Gransactions of the Astronomical Observatory of Pale Wniversity. 


RESEARCHES WITH THE HELIOMETER. 


DETERMINATION 


OF THE 


Riera wive POSHMIONS -OF -PHE “PRINGIPAL -SEAKS 


IN THE 


GROUP OF THE PLEIADES. 


BY 


AVE LAM. Le sek EN; 


ASTRONOMER IN THE OBSERVATORY. 


C515 


2. 


Aun -& w 


II, 


12. 


Vee 


14. 


©.ON GE BN) TS; 


nee anes 
PERO DU CTOR Verret Ie ct, Cte reg Pe ag 2 el ny Se eo GE oy Pee 
RPE TON TE ery isetr Wl), ue ee Me ge MR ge aN ea ecbeee 
ENR ADU LANS ORM EASUIREMENT OR ae Uo. Se eo “sn sca ex co ar Wyn be on ee ee 
TREDUCTION OF “THE OBSERVATIONS OF DISTANCE % . . . 3. << « 6 «© «sw 


IDEEST ONG RRORGYONe Tbs SCALES => Gi) 4. 4) 0: sie? “es wluey os 8) oi hae ae oe eee 
DEES MINATION COE HE SCALE-VALUEs» Soe cof se 0) ced a oe ee cs cae ee Sale ee 
REDUCTION OF THE OBSERVATIONS OF POSITION-ANGLE ..... ..:+ « « «© « 
MEASURES OF THE DISTANCE AND POSITION-ANGLE OF THE PLEIADES STARS FROM 
PON ONL gran tea rere Rr a SS Gee a eg ey 2 el Ae ee 
MEASURES OF DISTANCES OF THE PLEIADES STARS FROM THE FOUR STARS OF THE 
UNO AMENT ALS COUNDRILATHRALY SC) 64. cs leg, 3) Ae oh Oy cS Gee ee 
REDUCTION OF THE MEASURES FROM THE FOUR STARS OF THE QUADRILATERAL . . 
COMPARISON AND COMBINATION OF THE TWO MEASUREMENTS AND DEDUCTION OF 
SOR PIVEN E SUL Foe .s)— SP ee ced SP) ge cee ter Jo Pere S82 Sore, Heyl ac) au ge gaol “oe eee 
im CONIGSBERG-THIELIOMEITER MEASUREMENTS -. . 5 ¢ 2 5 © se ss oe 
COMPARISON OF KGNIGSBERG AND YALE MEASUREMENTS AND DEDUCTIONS AS TO RELA- 
TIVE PROPER MOTIONS IN THE CLUSTER Me et eee RE ee. 


MHESEARIS. AND OXFORD: WORK —CONCLUSION: m5 3. @ 2 se ke te wee 


Pace 


DETERMINATION 


OF THE 


RELATIVE POSITIONS OF THE PRINCIPAL STARS 


IN THE 


GROUP OF THE PLEIADES. 


§ 1. INTRODUCTORY. 


On taking charge of the new Heliometer of the Yale Observatory the first piece of work 
which I planned, and of which the execution is presented in the following pages, was a re- 
determination of the relative places of the principal stars forming the group of the Pleiades. 
As is well known, this was one of the first problems attacked by Besse, with his new 
K6nigsberg Heliometer, and which occupied his attention during some twelve years until 
it was finally completed in 1841. The desirability of repeating such work from time to 
time is obvious, and apart from the value of the evidence of the results for the knowledge 
of the group and its motions there is presented so favorable an opportunity for a thorough 
test of the instrument as to make such investigations especially suitable for an initial piece 
of work. 

I therefore commenced with the measurement as soon as I received from Messrs. REPSOLD 
the reversing eyepiece which my experience had led me to consider of high importance for 
the elimination of systematic error; and what with the subsidiary investigations and deter- 
mination of the instrumental constants, it has occupied a considerable portion of the past 
three years. . 

With regard to the general scope of the work I may say, that in order to make it in a 
measure as complete as possible I have included all the stars in the Bonn Durchmusterung 
down to the magnitude 9.2 which may be reasonably said to fall within the group. One of 
BrssEL’s stars (Anon. 16) is called of the magnitude 9.5 in the Durchmusterung, and was 
found too faint for accurate measurement. I have thus added seventeen stars to BEssEL’s list 
of fifty-three, and have taken sixty-nine stars in all. 
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§2. THe HELIOMETER. 


Tue Heliometer does not differ in its general design to any great extent from the similar 
instruments of smaller size made by Messrs. Repsotp for the Transit of Venus Expeditions 
of 1874. The one of these which was ordered for the Mauritius party of Lorp Linpsay 
has been fully described and figured in the account of the work done on that occasion (Dun 
Echt Observatory Publications, Vol. II.). It will be therefore only necessary, for the present, 
to mention in brief the points in which changes from this model have been introduced in the 
Yale instrument. 

In the first place, steel has been almost exclusively used in place of brass or bronze, both 
for the telescope tube and the mechanism of the mounting of the object-glass halves. The 
telescope tube consists of three parts, — the central heavy casting which rotates in the cradle 
attached to the declination axis, and the two lighter riveted sheet-steel tubes carrying the 
object-glass and eye-end respectively. These two tubes are not of the same diameter, that 
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carrying the object-glass being much the larger. The outward symmetry is, however, pre- 
served by a tube similar to this larger one, which encloses the smaller one carrying the eye- 
end, but which is attached to the cradle and therefore does not rotate, but serves principally 
as a support for the means for rapid motion of the telescope in position-angle and the 
other handles of the mounting. This quick motion in position-angle is effected by a large 
ring encircling the telescope, which is seized by both hands and rotated in a plane perpen- 
dicular to the telescope axis and whose motion is communicated to the telescope tube proper 
by suitable gearing. This arrangement has proved very satisfactory. The makers have also 
provided a slow motion in position-angle by means of a clamping ring and tangent screw, but 
as the motion was rather fine for all but the very largest distances, one turn of the handle 
being but 19, I have found it expedient to attach to the rapid-motion gearing another 
handle which gives a very convenient amount of angular motion for distances up to one 
degree or so, one turn amounting to 15% 

The mechanism of the motion of the object-glass halves has been considerably altered and 
improved from the point of view of accessibility and facility for cleaning and oiling. The 
bed-plate upon which the slides of the object-glass move is placed immediately at the end 
of the telescope tube; the whole mechanism is therefore above this plate and is entirely ex- 
posed by removing the light coverbox protecting it from dust, etc. The object-glass slides 
rest consequently upon the bed-plate when the telescope is turned towards the sky and are 
pressed down firmly by strong metallic springs; this appears to be a rather more advantageous 
disposition than the oijder construction, in which the object-glass halves were below the bed- 
plate and the springs had also to support their weight. The details of the mechanism are 
very similar to the older form, except that the motion is communicated to the slides by a screw 
working into a nut instead of into a sector, which seems an improvement. The handle which 
goes down to the eye-end and imparts the motion to the object-glass halves is arranged so that 
one turn separates them about 90”, which is rather coarse, though of course it is not advisable 
to have its value too small on account of the large number of turns then necessary for reversal 
of the position of the object-glass halves. 

The arrangement adopted for moderating the light falling upon one semi-lens con- 
sists of a rotating wheel divided into sectors, alternate ones of which are covered with wire 
gauze. This admits of three different screens being used simultaneously, and is in this 
respect an improvement upon the former plan, where only one could be used without lowering 
the telescope. I had thought that the different inclination of the mesh of the gauze to the 
line of section of the object-glass in the two positions of the screen, before and after reversal, 
and consequently of the diffraction rays it produces, might prove a source of trouble; but with 
the high powers used these rays fall so far away from the central image of the star that my 
fears appear to have been groundless. 

The illumination of the scales was provided for by a small oil lamp swung at the end of 
an arm attached to the telescope tube near the head. This gave no trouble as far as amount 
and quality of light were concerned; but in certain positions for about 15° or 20° in position- 
angle the lamp fell below the object-glass and the current of heated air rising from it was very 
distinctly shown in the disturbance of the images. I, therefore, as soon as I could procure 
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the small incandescent electric lamps of about ™% candle, attached one of these with a suit- 
able condensing lens in place of the oil lamp, and as the heat given out by this small lamp 
during the few minutes the light is used is quite imperceptible, I had no scruples in placing it 
quite close to the scales, so that but a small amount of light was necessary, and these little 
lamps were amply sufficient. The two indices of the declination circle and those of the posi- 
tion circle were lit up by a single oil lamp in a very elegant way; but as to accomplish this the 
light had to pass through two lenses and be reflected from seven mirrors, it was a source of 
some trouble to keep all these in adjustment and untarnished. I have therefore replaced the 
oil lamp by two incandescent lamps placed so that but one mirror is necessary, and have every 
reason to be satisfied with the result. But one battery is used, the most satisfactory being 
found to be one of from two to four bichromate of potash cells; and a switch at the eye-end 
sends the current to either of the circle lamps or the scale lamp at will. 

The microscope for reading the separation of the object-glass scales was originally provided 
with an ordinary micrometer of REepsotps’ pattern which I had altered so that the eyepiece was 
movable for the purpose of investigating the scale errors (see § 5). It appeared, however, 
advisable to use every means of economizing time and labor, and consequently I recommended 
to the Board of Managers the acquisition of a recording micrometer of REpsoLps’ device, 
arranged in such a manner as to be free from any disturbing effect. The principle of the 
arrangement consists in impressing the screw-head of the micrometer, which is provided with 
raised, type-like divisions and numbering, together with an index, upon a fillet of paper by 
means of a mechanical pressure. The objection raised at first was, that as the two scales have 
to be read successively, this pressure might alter the position of the microscope between the 
two readings. This source of error has been obviated by making the whole micrometer moy- 
able by means of a second fine-motion screw and providing the microscope with a set of 
“fixed” wires which are not moved by the micrometer screw proper. The method of reading 
is thus to place the fixed wires by moving the whole micrometer upon a division of Scale A 
(say), then the movable wires by means of the micrometer screw upon a division of Scale B, 
and then, after the pointings upon both scales are verified, the printing off of the indica- 
tions of the screw-head is effected. It is then necessary to know the reading for coincidence 
of the movable with the fixed wires; or, as is always done in practice, to eliminate it by inter- 
changing the scales on which fixed and movable wires are set, or by reversal of the object-glass 
halves. I may say that this micrometer has realized my anticipations and proved a valuable 
addition to the instrument. The principal objection to be made against it is, that it does not 
do away entirely with writing down during the observation, as the scale divisions have to be re- 
corded. For a large class of work, however, this is not of serious importance, such as stellar 
parallax work, when it is necessary, of course, to use the same divisions throughout, which 
are therefore known and put down once for all. 

The equatorial mounting is very convenient and stable. The handles for clamping and fine 
motion in right ascension and declination come down conveniently to the eye-end and are easily 
distinguished one from another. The right ascension circle reads by two microscopes to 0%.1; 
the declination and position circles by the same microscopes to 1”, and there are coarse divided 
circles for rough setting. The mechanical execution and design of the instrument throughout 
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is, as was to be expected from anything coming from the hands of the Messrs. REPsoLp, of 
the highest order of excellence. 

The figure on page 6 gives a general idea of the instrument and shows the original 
illuminating arrangements. The principal dimensions are as follows: — 


BO CIO HO NCC IASSit em Ne. ete cn Ske es TT 
epprosiuare 10cal length. <8. ses ee ef 4G 


§ 3. GENERAL PLAN oF MEASUREMENT. 


In selecting a method of determining the relative positions of a group of stars such as 
I had to deal with, I was influenced in the beginning by the following consideration: The 
Heliometer which admits of the determination of the relative distance and position-angle of 
two stars gives these co-ordinates by essentially different means, and it has been always found 
with considerably different accuracy. The distances which are deduced from readings of 
scales, or screws in the older form, which are attached almost directly to the object-glass 
halves, have invariably surpassed in accuracy the position-angles which are given by a circle 
whose connection with the object-glass halves is by no means a direct or rigid one, since 
these semi-lenses move in slides which must necessarily admit of some degree of freedom. 
The probable error of the Konigsberg Heliometer observations of the brighter stars in the 
Pleiades was, according to BEssEL, 0.26 in distance; and I find for the same observations the 
probable error of one complete observation of position-angle (in both positions of the telescope, 
axis preceding and axis following) 0”.30; ScHLUTER’s observations of the same stars, which 
were made under rather more favorable circumstances, taken alone give 0’.16 in distance, and 
o”.26 in position-angle, thus showing the marked superiority of the former. This is doubtless 
due, besides to the cause already mentioned, to the fact that the diffraction image produced 
by a semi-lens is of necessity imperfect and unsymmetrical, but the symmetry is preserved for 
the direction in which the distance measure is effected, and not so for that in which the 
position-angle is measured. Furthermore, the elements of reduction for the position-angles © 
are more complicated and numerous, and hitherto for the most refined Heliometer investiga- 
tion, such as stellar parallax researches, the distances alone have been relied upon. 

My own experience tended to confirm this view, and I felt inclined, therefore, to make the 
whole determination rest upon measures of distance alone, and only to use the measures of 
angle to the extent that would be necessary to refer the completed network to the circles of 
declination and right ascension. The plan adopted after careful consideration was as follows: 
Near the outer limits of the group four stars were chosen so that nearly the entire group 
would be enclosed as symmetrically as possible by the quadrilateral they formed, and, as their 
relative positions were to be determined with the greatest possible accuracy, they were taken 
within direct measuring range of the Heliometer. The determination of the place of each star 
in the group was then to consist of measurements of its distance from each of these four 
reference points, each such measure giving, it will be seen, an equation involving corrections 
to an assumed place of the star and the scale-value of the Heliometer; we would thus have 
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four equations with three unknown quantities, all of which, in case the star lay well within 
the quadrilateral, could be determined with accuracy. If the scale-value, however, can be taken 
as known, as will be seen to be the case, the co-ordinates of the star to be determined come 
out with sufficient weight, even if it be situated slightly outside of the quadrilateral. This 
plan, which was carried into effect, appeared to offer considerable advantages, the principal 
objection to it being the necessity of accurately ascertaining the relative positions of the four 
reference stars; but this did not seem to present any serious difficulty. 

On becoming more familiar with the resources of the instrument, however, my reliance 
upon measures of position-angle became stronger, and I concluded also to carry out a plan 
of triangulation similar to that adopted by BrssEL; namely, measurements of distance and 
position-angle from » Zaurz, the central star of the group, thus securing a direct comparison 
with the Konigsberg work, as well as another and independent set of positions of the stars of | 
the group. This plan has been also carried out in a complete manner. 

The present work, therefore, consists of two independent triangulations, one resting 
upon the four stars enclosing the group, and therefore, so to speak, working inwards from 
a peripheral set of reference points, the other resting upon the central star 7, that is working 
from the centre outwards. 

The two triangulations were not executed simultaneously; the work on the quadrilateral 
plan was commenced in March, 1884, and carried on through the months of September to 
December of that year. I had then secured three determinations of nearly every star referred 
to the four quadrilateral stars, together with a sufficient number of measures of the quadri- 
lateral stars themselves; I thereupon took up the second plan of measures of distance and 
position-angle from 7, which thus occupied the first three and last four months of 1885, four 
measures on each side of the meridian being obtained for each star. I had planned to secure 
a fourth set of measures of the stars on the quadrilateral plan during the early months of 
1886; but this, unfortunately, did not prove feasible. I had in the mean while taken up a 
series of observations for stellar parallax, and the few favorable nights of that season had to 
be devoted to this work in preference. Thus the mean epoch of the second triangulation 
‘falls about a year later than that of the first. 


§ 4. REDUCTION OF THE OBSERVATIONS OF DISTANCE. 


Tue distance measures which form the larger portion of the work consist of but two point- 
ings, one in each position of the semi-lenses. This is the minimum number admissible, and 
I was led to adopt it by my experience that the actual errors of bisection are in the case of 
large distances with the Heliometer less to be feared than the errors peculiar to each night; 
and I may say this opinion has been confirmed by the results of the present work. It was 
indeed my intention to have attempted to eliminate from each night’s work the constant error 
arising from variations of scale-value; and for this purpose two pairs of stars —the diagonal 
pairs of the fundamental quadrilateral — were measured on each occasion if possible. These 
measures of the two standard distances, designated as a8 and By, the four stars of the quadri- 
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lateral being a, B, y, 6, in order of right ascension, were also designed to furnish information 
regarding the temperature effect and other peculiarities of the instrument. It will be seen, 
however, that the variations of scale-value are so slight as to render this process not im- 
perative, and that a simpler plan may be adopted; but before presenting these measures of 
ad and By, I must mention a few points with regard to the mode of observation and the focal 
adjustment. 

All the observations were made with an eyepiece with a direct-vision reversing prism 
placed before it. I have not, however, in this work used the prism to the full extent of its 
capacity to eliminate systematic error depending upon the inclination of the line joining the 
stars to the vertical, but have contented myself with making this line apparently horizontal 
for all observations. To have completely eliminated all error in each observation would have 
required the repetition of the measure with the images reversed 180°; and although this was 
not strictly attended to, the two positions of the prism will have been used, as a rule, on dif- 
ferent nights. With the screens employed, the two stars were reduced to within one-half 
magnitude of equality, so that except for the faintest stars but little systematic error was to be 
feared, and I considered this simpler course sufficient. 

Up to April, 1885, an eyepiece magnifying 330 times was used exclusively, and with 
it I made the following determinations of the focal point, or the reading of the focal scale 
for the sharpest focus on a double star. The star used was e« Avzedzs, which precedes the 
Pleiades group in about the same declination, so that these measures were made in the same 
position as the observations on the group. 


Determinations of the Focal Point from ¢ ARiETIS. 


[11.50] Temp. 28° Im. 2-3 10.89 Temp. 61° Im. 2-3 
10.99 41 : 11.05 I-2 
11-31 11.00 2 
11.03 10.98 
11.22 11.10 
1.01 ; 11.12 


II.II 5 oe sede re LE OZ 


mm, 


mm. . 
10.98 : 1885 Jan. 11.20 
11.00 8 T-20 
11.02 Ei.22 


II.O1 12 11.07 
II.12 March 17 10.93 
10. 2B 11.0 
2 28 10.84 
11.02 
Wii 6 Go 6 Hteete: 


The first column after the date gives the reading of the focal scale, which is divided into 
millimeters; the second, the temperature of the air in °F.; the third, the quality of the defini- 
tion expressed on a scale in which 1 is the most perfect, 4 the worst possible state of the 
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images. The value on the very first night is untrustworthy, as the stars were barely seen 
separated, and has been rejected in the mean. 

It will be seen that the observations are fairly concordant, and that there is but little 
effect of temperature apparent either within the groups into which they are separated or 
between these groups themselves. This division into groups is not arbitrary, but is neces- 
sitated by changes of instrumental adjustment which may possibly have led to variations in 
the distances between the objective, eyepiece, and focal scale. In August, 1884, the object- 
glass halves were taken off from the head and the lenses separated, to remove some moisture 
which had collected between them. On October 6, 1884, the clamping ring which insures 
the fixity of relative position of ocular and focal scale was found displaced; it was brought 
back, as nearly as could be judged by the marks of wear, to its original position, on October 7, 
but a small uncertainty was unavoidable. On December 3 to 6, 1884, the rotation of the tube 
in position-angle having become difficult, the instrument was taken to pieces in order to draw 
the tube out of its bearings, to clean and oil it. This necessitated the removal of the head 
containing the object-glass, and the eye-end of the tube with the focal scale, and it is not 
probable that in replacing these precisely the original relative positions would be recovered. 
The mean values of the focal point for the different groups agree well, however, and as to the 
temperature effect I find, taking the series as a whole, the value 


— 0.0014 35 0.0008 for 19 

or, considering each group separately, 

— 0.0034 a 0.0018 for 1° Z 
the probable error of one observation of focal point being in both cases + 0.077™". These 
values are so little larger than their probable errors, that the plan I adopted soon after com- 
mencing the work, namely, always to let the focal scale reading remain at 11.00, and not to 
attempt to correct for temperature otherwise than for its possible effect on the scale-value, 
has proved amply sufficient. I may remark that the above factors are not such as we might 
suppose to result from the expansion factors of a lens and of steel. According to SUNDELL 
and Hastines (A stv. Nachr. 2501), we have for the former 0.00122 for 100° F., and the latter 
may be taken 0.00061 for 100° F.; so that we should have, instead of a decrease, an apparent 
increase of focal scale reading of 


+ 6.0152 Ro) ae sie ke 


or five times as much as and in an opposite sense from what was observed. 

From May 26, 1885, a new eyepiece giving a power of 210 was employed, as I 
had found the higher one too strong for continuous use in this climate. The focal point 
used with this eyepiece was 10.50 after September 27, 1885; previous to that date 11.00 
was adopted, and I have reduced the measures made then, as well as the few made with 
the old eyepiece with the focal point other than 11.00, to the two assumed normal posi- 
tions on the assumption of proportionality between the scale-value and the apparent focal 
length employed. This assumption is very close to the truth, as is shown by a test series of 
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observations on the pair of stars » 4 Geminorum: 1 found the change for 0.50™" displacement 
=0*.1140, whereas the theoretical change would be o.50™™ X 5288.8: 2495 ™™ = 08.1060; 
528*.8 being the distance of the two stars, and 2495" the approximate focal length of the 
object-glass. 

I have also contented myself with reading but one division on each scale; the division 
errors of the scales were investigated shortly after beginning the work, and were found small 
enough to justify this course. The run of the micrometer screw was determined each night 
by measuring the 2 division space from 149 to 151 on Scale A, and applied when necessary ; 
it proved very constant, and after being reduced to nearly zero remained negligible for a long 
period. 

From the beginning until April, 1885, the old micrometer was in use; I found its correc- 
tion for screw error for the reading z to be: 


R R R R 
— 0.0002 Sin 7% + 0.0002 COS #7 — 0.0000 Sin 27% — 0.0001 COS 2% 


R R 
—0,0005 # + 0.0002 7? 


all of which terms are quite insensible. From thence on, the new recording micrometer came 
into use; and for this from measures made by Mr. Asaph Hall, Jr., and myself he has found 
the correction formula: 


R R R R 
+ 0.0003 sin 2 + 0.0003 Cos 7 — 0.0002 sin 2% — 0.0002 Cos 27” 
R R 
— 0.0021 # + 0.0017 7? 


so that this screw may be also considered practically free from error. 

The investigation of the division errors of the scales will be found in the following sec- 
tion, and I may pass to the observations of the two standard distances ad and By. These 
are presented in the following tables fully reduced; that is, corrected for division error, run, 
refraction, and aberration, and expressed as double distances in terms of the revolutions of 
the micrometer screw or divisions of the scales. In addition to the groups already mentioned 
in connection with the focal adjustment I have also divided off the observations East and West 
_ of the meridian: on account of the extremely inconvenient and tiring position in observing at 
small zenith distances with the Heliometer, no observations have been made nearer the 
meridian than about two hours, or at zenith. distances less than 30°, thus separating the two 
classes of measures, before and after culmination, by a long interval; and it appears to me 
advisable to take this division into consideration. The whole series thus falls into eight 
periods, which are defined as follows :— 


Period I. During the early part of 1884, Telescope East of Meridian ; 
II. After the removal of the object-glasses in August, 1884, Telescope W. ; 
III. After the displacement of the eyepiece on October 6, 1884, Telescope W. ; 
IV. After the dismounting on December 3 to 6, 1884, Telescope W. ; 
V. Same as Period IV., but Telescope E., up to April, 1885 ; 
VI. September, 1885, new eyepiece, focal point 11.00, Telescope Wes 
VII. October to December, 1885, focal point 10.50, Telescope W. ; 
VIII. Same as Period VII., but Telescope E., up to January, 1886. 
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Observations of the Two Standard Distances a8 and By. 


Periop I. February to April, 1884, Telescope East. 


aod By 


} R ° “ R ° z “ 

1 1884 Febr. 27 404.056 Temp. 41 Resid. — 0.09 1884 Febr. 27 445.019 Temp. 40 Resid. + 0.64 

066 10 + 0.03 29 444.941 — 0.35 
061 15 — 0.03 March 1 977 1,5 
024 15 — 0.50 969 ce + 0.01 
O40 16 — 0.30 947 — 0.27 
079 34 + 0.20 986 “10.22 
069 30 + 0.07 974 + 0.07 
052 42 — 0.15 980 + 0.15 
056 44 — 0.09 958 — 0.14 
0°73 35 + 0.12 958 — 0.14 
It] 35 + 0.68 951 — 0.22 
097 46 + 0.43 987 : + 0.23 
O45 49 — 0.23 943 — 0.32 
034 10537 992 + 0.30 
048 — 0.20 938 — 0.39 
C44 : = Os 972 + 0.04 
078 + 0.18 978 + 0.12 
064 + 0.00 983 + 0.18 
087 + 0.30 951 : — 0.22 
084 + 0.26 966 — 0.03 


404.0637 444.9685 


Periop II. September, 1884; Telescope West. 


' R a R ° 
f 1884 Sept. 1 404.031 Temp. 64.5 Resid. 1884 Sept. 444.917 Temp. 63.5 Resid. 
2 046 60 

034 

O14 

048 

069 

o81 


040 
025 
063 
056 
OIs 
O13 
044 


404.0414 444.9354 
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Periop III. October and November, 1884; Telescope West. 


ao By 


R ° “a R ° a“ 
404.057 Temp. 60.5 Resid.— 0.04 1884 Oct. 444.987 Temp. 60.5 Resid.+ 0.22 
034 64.5 0.33 973 64.5 + 0.04 
082 59-5 0.28 985 58.5 + 0.19 
060 46.5 0.00 961 46.5 — O.IT 
115 56.5 0.70 994. 56.5 + 0.30 
042 41.5 0.23 955 41 — 0.19 
059 41 0.01 964 41 — 0.08 
008 0.66 952 — 0.23 
087 0.34 988 + 0.23 
030 0.38 ; 961 —O.11 
o61 0.02 999 + 0.37 
024 0.45 975 + 0.06 
o60 0.00 963 — 0.09 
087 0.34 939 — 0.39 
076 0.20 977 : + 0.09 
O4t 0.24 943 —' 0.34 
047 0.16 954 - — 0.20 
035 ; 0.32 4.987 : + 0.22 
084 : 5.017 + 0.60 
092 . 4-983 + 0.16 
130 : ; 961 — ol! 
040 “ 4 971 5 Se 0.01 
044 : 960 — 0.13 
031 ' 978 : + 0.10 
070 ; . . 924 — 0.58 


404.0598 444.9700 


[+++ | 


J+++ 14+) 41 


Periop IV. December, 1884, and Fanuary, 1885; Telescope West. 


R ° “ R “ 
404.010 Temp.38 Resid.— 0.30 1884 Dec. 444.972 Temp. 38.5 Resid.+ 0.26 
020 : — 0.18 I 977 + 0.32 
009 — 0.32 945 — 0.08 
064 + 0.38 1885 Jan. 947 — 0.06 
O14 é — 0.25 938 : — 0.17 
028 ; — 0.08 970 + 0.23 
077 + 0.54 934 — 0.22 
053 + 0.24 929 — 0.29 


404.0342 444.9515 
Periop V. December, 1884, to April, 1885 ; Telescope East. 


R ° “ R A u“ 
404.070 Temp. 33.5 Resid.+ 0.40 1884 Dec. 9 444.954 Temp. Resid.+ 0.04 
4.034 — 0.05 973 + 0.28 
4.006 — 0.40 965 + 0.18 
4.005 — 0.42 1885 Jan. 985 . + 0.43 
4.074 + 0.46 947 — 0.05 
4.042 - + 0.05 994 + 0.54 
4-101 + 0.80 gII , — 0.51 
4-041 + 0.04 956 ; + 0.06 
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Periop V. — Continued. 
aod B y 


R ° “l R ie) A “a 

14 404.048 Temp. 25.5 Resid.+ 0.13 1885 Jan. 14 444.936 Temp. 25.5 Resid.— 0.19 
18 4.061 20 + 0.29 19 950 
21 4.022 17 — 0.20 28 979 
26 4.026 — 0.15 29 927 
4-037 31 940 
4.018 . hare: 953 
4.010 ‘ Doe 899 
3.984 . 25 930 
4.046 : 929 
March 4 4.034 961 
5 399° : gos 
17 4.084 883 
18 4.063 : 940 
QE 4.081 5 973 
26 3-993 4.936 


404.0378 Se: 
444-9507 


Periop VI. September, 1885; Telescope West. 


iF R ° “ R ° 
} 1885 Sept. 404.019 Temp. 61.5 Resid.— o.o1 1885 Sept. 19 444.945 .§ Resid.+ 
4.044 + 0.31 1.978 

3-997 . — 0.28 949 

4.012 — 0.09 970 

4.018 — 0.02 932 

4.027 : + 0.09 978 


404.0195 : 444-9575 


Periop VII. October to December, 1885; Telescope West. 


R ° “ R 
404.073 Temp.54 Resid.+ 0.26 1885 Oct. 444.979 
050 6 — 0.03 4-949 
055 + 0.03 5-008 
033 — 0.25 Nov. 4-988 
054 ; + 0.02 4.985 
034 — 0.24 4-935 
049 — 0.05 Dec. 4-967 
022 — OX) 4.959 
O39 = O51] 5-008 
075 ap Leys: 4.922 
096 . + 0.55 5-004 


404.0527 444.9723 


Periop VIII. December, 1885, and Fanuary, 1886 ; Telescope East. 


, R ° “ 
1885 Dec. 404.044 Temp.33  Resid.+ 0.19 ToSs" Dec 27 reve Temp. Resid.+ 0.33 
1886 Jan. 4.028 its "0.08 1886 Jan. 5 5-010 : + 0.85 
4.065 II cROnAG II 4.865 ; — 6.99 
3-978 16 — 0.64 17 4.928 : — O51 


404.0287 17-9 444.9430 
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Although the grouping of the series is extremely unfavorable for a strong determination of 
the effect of temperature, still there is a range of from 30° to 40° in several of the groups, 
which suffices, I think, to show that this effect is very small. The actual values derivable 
from the two pairs of stars are as follows :— 


Temperature Effect for an Increase of 1° on a Distance of 1%. 


R R 
From aé, — 0.00000008 + 0.00000043 
A OUREOAY © Io deh + 0.00000108 0.00000039 
“both, + 0.00000055 + 0.00000029. 


The maximum amount of this last value from both pairs for any of the above observations of 
these standard distances is but 0”.08, and in ten cases only is it as much as 0”.05; so that no 
material improvement is obtained, and the probable error of one observation is not sensibly 
reduced by its introduction. I have therefore considered myself warranted in not applying 
any correction for temperature to the observations; the more so because it is not to be expected 
that any systematic error would be thereby introduced into the present work, as the observa- 
tions of each star in the Pleiades are pretty well distributed over the whole period. 

This small temperature factor is also not what we might be led to expect from the expan- 
sion factors of the materials of the instrument. For the silver scales we may take the factor to 
be 0.00106 for 100° F., and if we take the change of the focal length of the object-glass to 


be even no less than that of the tube, the temperature effect on a measured distance of 1* 
should be 


R 
+o0.o0o000450 for 1° F., 


or many times more than what is found above. This is, however, always under the supposi- 
tion that all the parts of the instrument have the same temperature, —a condition not likely to 
be realized in all exactitude, and the non-fulfilment of which in the Yale Heliometer observa- 
tions, in spite of all precautions, may have somewhat influenced our deductions; but cer- 
tainly not so much as to endanger the conclusion that the temperature effect is very small. 
The temperatures given above are those of a thermometer placed in the slit of the dome and 
give the temperature of the outer air; it is not unlikely that the temperatures of the interior 
parts of the Heliometer were as a rule somewhat higher than these; but my attempts to deter- 
mine the difference do not lead me to believe it is in general greater than 2° or 3° F., or that it 
varies much from season to season. 

The probable error of one observation of a6 and B y, and also of the sam and the d¢ference 
of these two distances as deduced from the days when both pairs were measured, are found as 
follows from the residuals given above : — 


" R Ww 
Probable error of one observation of a6 +0.228 Distance 404.05 = 5124 
ie es By 0.220 444.95 5643 
me ss ad+ By 0.266 849.00 10767 


“ ‘“ By—ad 0.288 40.90 519. 
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The probable error of one pointing I find from the agreement of the two pointings consti- 
tuting a measure to be + o”.21, and hence we should expect a probable error of + 0”.21: /2 
— + 0’.148 for an observation of a8 or By instead of + 0”.224 as found in the mean. There 
has been therefore introduced an additional error of + 0”.167 = »/{(0.224)? —(0.148)?} which 
must be due in the main to variations in the scale-value. The probable errors for the sam 
and aifference of adand By show, however, it seems to me pretty clearly, that these variations 
of scale-value have not been of a nature to be taken as remaining constant for each day and 
all directions. If such were the case, we should expect a much smaller probable error for the 
comparatively small azference of the two distances, and a somewhat larger one for their sz. 
There appears therefore to have been a variety of causes conspiring to produce the residual 
error of +07.167, such as the change of temperature during the measures, the position- 
angle, the definition, etc.; but after some attempts in this direction I have concluded that 
the separation of these sources of error would hardly repay the necessary labor. The method 
of reduction I have therefore adopted was, to disregard the changes of scale-value from day to 
day, and simply consider the total of the measures of a 6 and By of each group as affording the 
standard of scale-value for that group, and to reduce all the observations in each group to 
assumed mean values of these standard distances. 
The means of the groups and the general means are as follows : — 


ad By ad+ By 
. R R R ° 
Period ig 404.0637 444.9685 849.0322 Temp. 35.5 20 Obs. 

it. O414 9354 848.9768 64.2 14 

III. 0598 9700 849.0298 44.6 25 

IV. 0342 9515 848.9857 29.5 8 

Vi 0378 9507 848.9885 22.5 23-24 

Vi. 0195 9575 848.9770 51.9 6 

VII. 0527 9723 849.0250 34-7 II 

VIII. 0287 9430 848.9717 20.1 4 

Mean by Periods, 404.0422 444.9561 848.9983 37-9 8 Periods. 
“Observations, 404.0476 444.9586 849.0062 38.2 223 Observations. 

Adopted Mean, 404.0447 444.9553 849.0000 


I have thus adopted for the sam of the two standard pairs the round value 849.0, which is 
very nearly that given by the mean when each group is taken with equal weight, and for the 
difference of these pairs the value resulting from the mean of all the observations reduced to 
the assumed standard. 

The divergences of the several groups are of a slightly greater order than we might be 
led to expect from the focal point determinations. As the temperature coefficient, I feel con- 
fident, is next to insensible, they are mainly due to the changes in the instrumental adjustment; 
or, to speak more definitely, to the variations in the relative distances of object-glass and eye- 
piece. If it had been possible to preserve these in the same position throughout the series, the 
apparent changes of scale-value would doubtless have proved much smaller, as I have also 
reason to believe from my subsequent experience with the instrument. If we attribute them 
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entirely to such apparent changes of focal length, the resulting amounts for groups I, II, IIL, 


V., which comprise over three quarters of the measures, are as follows, to which I add the 
observed focal points for these groups: — 


Apparent Variation Deviation from 


of Focal Length. Focal Point. 
mm. mm. m. 
Group I. + 0.095 L551 + 0.053 
EE: — 0.068 II.02 — 0.037 
III. + 0.088 11.02 — 0.037 
V; — 0.034 11.08 + 0.023 


I must remark, before concluding the discussion of these measures of a8 and By, that no 
correction for proper motions of the stars has been applied. For a6 the comparison of the 
K6énigsberg Heliometer determination of their distance with the Yale work shows a divergence 
of + 0”.23, which is quite within the limits of error, and if considered as real would not 
amount to more than o”.o1 for the period covered by the Yale measures. For By the small- 
ness of the motions is not quite as certain, but is still very probable. Star y was observed by 
BrssEL at Koénigsberg, and the final place deduced from his observations deviates but 0”.14 from 
the Yale place; star 6, however, does not belong to the Konigsberg list, and its motion can be 
estimated only by means of a Bonn observation in 1857. This compared with the Yale place 
leaves the residuals — 1”.60 in right ascension and —0”.19 in declination; but a star (No. 39) 
of BEssEt’s list observed by ARGELANDER at the same epoch a number of times leaves the 
residuals — 1”.71 in right ascension and — 17.82 in declination, so that we really only have 
apparent deviations of +011 in right ascension and + 0”.63 in declination, since 1857, which 
fall quite within the limit of uncertainty of the Bonn place. As the corrections for proper 
motion would be less than 0”.03 per annum, I have considered them quite negligible. The 
data quoted are in detail as follows: — 


Star B. Star 39. 
R.A. Decl. R. A. Decl, 
fo} / ut ° / th ° ly IT / ft 

Bonn, 1855 54 51 48.0 + 24 32 14.5 Bonny 16550 255 y2i7027.70 Be ye 

1885 55 18 36.30 24 37 58.84 1885 5554. 0-56 8 43.94 
Yale, 1885 55 18 34.70 24) 37-5 7.05 Yale, 1885 55 54 4.85 8 42.12 
(See § 11.) (for Epoch 1857.) 
Y—B — 1.60 — 1.19 Y—B — 71 — 1.82 


§ 5. Divison ERRors OF THE SCALES. 


No especial provision for investigation of the scale errors was made in the construction of 
the instrument. The scale micrometer was fixed, and could not be made movable to any great 
amount without extensive alterations. Furthermore the scales themselves are viewed through 
a small circular hole cut in the bed-plate of the head, or the part in which are the (convex) 
cylindrical beds for the (concave) slides which carry the object-glass halves and the scales. To 
have enlarged this hole in order to overlook a larger portion of the scales than about 45 
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divisions would have been for various reasons inadvisable. To have taken off the scales from 
the head, or to have used a different microscopic arrangement from that by which the scales are 
read during the actual measures, would have introduced the uncertainties of the effect of a 
different illumination on the appearance of a division line; so that I concluded to adopt a plan 
similar to that used by Gi1, which consists in comparing various portions of the scale with 
constant intervals formed by pairs of webs in the focus of the reading microscope. 

The scales are divided into three hundred parts each 0.3"" in length, and each tenth divi- 
sion is numbered. When the object-glass halves are in coincidence both scales read approxi- 
mately 150, and when they are separated to their full extent the readings are 10 and 290; so 
that only the central 280 divisions come into use. The pairs of webs inserted on the frame 
carried by the micrometer screw were arranged so as to form intervals of approximately 4o, 
20, 10, and 5 divisions of ‘the scale or revolutions of the micrometer screw. The scheme thus 
adopted was to subdivide the 280 spaces on each scale into 7 spaces of 40 divisions each, and 
then proceed by successive bisections of each of these down to the 5 division spaces. 

The modus operandi of these determinations is well known, and need not be described in 
detail. It will suffice to remark that the measures were arranged so as effectually to eliminate 
any possible changes in the distance of the pairs of webs, and that the micrometer eyepiece 
was mounted on a slide so as to enable it to be brought centrally in front of each of the pairs 
of webs. Before presenting the results, however, I will make a remark on the choice of a fun- 
damental interval. The measures of the 4o division spaces lead, as is easily seen, to the fol- 
lowing equations, where A denotes the true distance ofthe pair of webs, A, the distance as 
given by the space 10 to 50, A, the same as given by the space 50 to go, and so on, (10), (50), 


OO) ie Sais (290), the division errors of the lines 10, 50,90...... 290: —- 

Space 10 to 50 A+ (50)— (10)=A, 

52 90 A+ (90)— (50) =A, 

9° 130 A + (130) — (90) =A, 

E30) 2170 A + (170) — (130) = A, 

5 7O0mee 210 Meek (210) — (170) = A, 

210m e5O A + (250) — (210) = A, 

250 290 A + (290) — (250) = A. 


If now we assume the whole length of 280 divisions as the fundamental interval, that is, 
put (10) =o and (290) = 0, we get for the weghés of the several determinations from these 
equations : — 


Div. (10) (59) (90) (130) (170) (210) (250) (290) 
Wt. Daley 0.70 0.58 0.58 0.70 1.17 , 


the maximum weight derivable from such observations being 2.00. A much more evenly dis- 
tributed set of weights, and of higher average, can be secured by assuming the fundamental 
interval as between 50 and 250, that is, the central 200 divisions, as then we have 


Div, -(10)-.." (ge) ets) = Giga) “Gapeyehewt “Gre)he potaray anaes) 
Wt. 0.83 1.25 0.83 0.83 1.25 0.53 5 


and this has accordingly been done. 
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The measures of the 4o division spaces were repeated eight times, and lead to the 
following results, expressed in ten-thousandths of a revolution or division (o*.0001) : — 


forty Division Space. Scale A. 


(1o.)=+ 57 (50)=0 (90)=—49 (130) =—43 (170)=— 66 (210) =—68 (250)=0 (290) =—67 
+ 26 — 43 ee eh = OF 2 . + 79 
+ 141 +11 =A45 73 = —94 
+ 46 — 19 — 68 — 82 —51 GK 
a a) 55 maid hye — 60 = 05 
+. 70 ne) 37 =" 46 — 29 eal 
pa =e 75 =7407 Sah 355 
= 66 — 43 — 39 — 101 — 69 =169 


Mean, + 71 oO — 30 — 60 — 77 


Forty Division Space. Scale B. 


— 61 fo) —4I 


(10) =+ 35 (50)=0 (90)=—20 (130)=— 8 (170)=—37 (210) =—15 (250)=0 (290)=4 37 
-- 32 + 30 ++ 23 — 0 — 5 + 28 
+ 72 —27 — 21 — 84 — 36 — 20 
+ 66 — 14 — 20 —9go — 66 + 29 
+ 12 + 3 mee 40) — 34 — 3 + 28 
+ 26 — 21 —12 — 78 — 34 + 21 
+ 23 20 “rh3 — 25 ane! +27 
+ 22 — 9 —21 — 69 — 6 axa fe 
Mean, + 36 fo) = Gs) — 5 — 52 — 21 oO TAr8 


The subdivision of the 40 division spaces down to the 5 division spaces by successive 


bisection was repeated twice, and gives the following values : — 


Twenty Division Space. Scale A. 


(30) =— 27. (7o)=— 22 (110) =—4o (150) =—118 (190) =— 69 
— 22 — i! — 56 — 106 — 96 


Mean, — 24 —i11 — 48 — 112 — 82 


Twenty Division Space. Scale B. 


(230) =—10 (270) =— 20 
— 28 — 28 


— 19 — 24 


(30) =—3 (7o)=+18 (110) =— 6 (150)=—59 (190)=—39 (230)=+ 22 (270)=+ 24 
+2 + 14 — 18 — 78 — 27 + 19 + 8 
Mean, fo) + 16 — 12 — 68 — 33 + 20 + 16 


Ten Division Space. Scale A. 


(y= 35 (40) =— 8 (60)=+19 (80)=— 5 (100)=—40 

+ 22 + 16 — 12 sip id 45 

Mean, + 28 + 4 + 3 + 4 — 42 
(160) =— 102 (180) = — 53 (200) =— 44 (220) =—14 (240) =— 14 
7A #48 — 36 — 36 — 42 


(120) =— 122 (140) =— 46 


— 119 ap OG 
— 120 — 20 
(260) = — 33 (280) =— 31 
— 23 — 24 


en neeernnee emer ye ee eee 
— 28 


Mean, — 88 — 50 — 40 — 25 — 28 
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Ten Division Space. . Scale B. 


(20)= 0 (40)=—37 (60)=—12 (80)=—16 (100) =— 18 (120) =— 46 (140) =+ 24 

— 28 — 27 — 14 — 20 ae — 56 + 19 

Mean, — 14 — 32 — 13 — 18 — 7 — 51 + 21 
(160) =— 76 (180) =—+ 7 (200) =—14 (220)=+14 (240)=— 0 (260)=+ 4 (280) =+ 42 
aa: ee ee, aoe aay Tos + 47 

Mean, — 64 + 3 — II + 1 — 5 — 4 + 44 


Five Division Space. Scale A. 


(i5)=+ 100 (25)=+ 38 (35)=—34 (45)=+ 1 (S5)=— 6 (65)=—38 (75) =a 

+ 101 in Saab 7, aun) ul — 4! ee 

Mean, + 100 1 23 — 25 ap LY 10 = RO) = ¢ 

(85)=— 8 (95)=— 16 (105)=— 72 (115) =—65 (125)=—78 (135)=—7r (145) =—91 

tis 32 see = 395 ed wack 4 

Mean, — 3 — 16 — 75 — 80 — 87 — 78 — 86 

(155) =— 37 (165) =— 72 (175) =—54 (185) =—68 (195) =— 63 (205)=—4r (215) =— 44 

— 7I — 100 — 93 — 52 — 81 — 48 — 34 

Mean, — 54 = 30 anys — 60 < 72 — Ad 335 

(225)=—17 (235) =— 28 (245)=+ 20 (255) =— 20 (265)=—17 (275) =—50 (285) =— 43 

= 35 ee 536 334 213 a2 — 60 

Mean, — 27 — 24 + 28 — 27 — 10 — 46 —5I 
Five Division Space. Scale B. 

(75) =+ 33 (25)=— 28 (35)=—34 (45)=—-27 (55)=— 9 (65)=— 9 (75)=— 8 

+ 31 — 42 —I4 — 28 — 32 — 38 — 36 

Mean, + 32 — 35 — 24 — 27 - — 20 — 23 — 22 

(85)=—12 (95)=— 4 (105)=—19 (115)=—16 (125) =—39 (135) =—35 (145) =— 32 

— 22 ae — 29 135 Tc) — 49 — 1 

Mean, —17 — 4 — 24 — 25 — 33 — 42 =e 

(155) =— 27 (165) =—42 (175) =—17 (185) =— 36 (195) =—47 (205)=+12 (215) =— 41 

— 21 — 25 ea | = 35 — 44 mea’, Beoo 

Mean, — 24 — 33 — 12 —=' 35 — 45 = £0 — 38 

(225)=—14 (235)=— 3 (245)=+65 (255) =— (265)=— 3 (275)=+10 (285)=+ 9 

— 10 — 7 ap ee + 18 a2 + 40 + 13 

ake ee ee ee ee 

Mean, —12 — 5 + 43 + 7 =O ae Os + 11 


From the agreement of the several determinations of the subdivision of the 280 division 
space into the 4o division spaces, I find for the probable error of one determination of 
weight 1, + 18.0 of the units adopted, and similarly from the bisections of the 4o division 
spaces down to the 5 division spaces I find the probable error + 12.0 for a determination of 
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weight unity, each single value having in this case the weight 2. Using these values for the 
probable errors, I have computed the weight and probable error of each determination of 
the error of division and placed them in the table on the following page, which gives a 
general glance over the results. It will be seen that a fairly even distribution of accuracy, 
has been attained, the probable errors ranging from 5.7 to 9.4 (0’.016 to 0”.023). 

It will also be noticed that there is considerable regularity in the general run of the 
division errors both for Scale A and Scale B. (Scale A, I may note here, is the one which 
is «ppermost when the figures on both scales are in their upright position.) I have therefore 
drawn curves through the plotted direct results of observation, and have given the values 
resulting from these curves and their residuals in the table. From the general similarity 
of the curves and of some of the individual errors it will be inferred that both scales were 
divided at once, which I have learned to be the case. The errors for Scale A are much the 
larger, however; and it seems from the appearance of the ends of the division lines that 
Scale B was the one where the cutting-tool commenced its stroke. 

The sum of the residuals is 1520, and I have estimated the probable deviation of a 
division line from the curves approximately as follows : — 


- = 12.0 = 0,030 
AV II4.114 — 14.14 : 


1520 


0.845 


there being 114 values, and assuming each curve can be represented by 7 ordinates. This 
result appeared to be sufficiently satisfactory to warrant my not pushing the investigation any 
further for the present. The systematic correction for division error can be taken from the 
curves; and as each measure of distance will depend upon at least four divisions, the final 
places of the stars in the Pleiades upon at least twenty divisions, the casual errors introduced 
by this mode of proceeding will in all probability be very small in comparison to the in- 
evitable errors of observation. The following table gives the correction for division error 
derived from the curves, and has been used for all the measures of distances. 


Table of Corrections for Division Error of Scales. 


Double Distance. Correction. Double Distance. Correction. 
R 


R 
280 — 0.0022 
300 — 15 
320 
349 
360 
380 
400 
420 
440 
460 
480 
500 
520 
54° 
560 


+ 
a. 
-- 
a 
+ 
+ 
+ 
ot 
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Division, Weight. Prob. Error. jf 
Residual. Scale B. Residual. 


+136 
+ 32 
ae 
S35 
fo) 
— 24 
— 32 
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fo) 
— 20 
13 
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16 
22 
18 
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§ 6. DETERMINATION OF THE SCALE-VALUE. 


THE scale-value has been determined in immediate connection with the Pleiades work by 
observations of two zones or lines of stars of which the two pairs ad and By form part, and 
which thus lie at an angle of some 80° to each other. Four stars, a, 6, c,d, were selected lying 
about in the prolongations of a8 and By, one on each side, so as to form two lines of four 
stars at nearly equal distances, a@aSd and 6 yc, and the six distances, aa, a8, 8d, and 48, By, ye, 
were observed with the Heliometer. The four stars, a, 6,c, d, were kindly observed at several 
observatories on the meridian, and their relative positions are thus known with considerable 
accuracy. ‘The series I have made use of for this purpose are those made at Strasburg and 
Berlin. Dr. Scuur’s results for 1885.0 are as follows: — 


h. m. s. S. oo uw uy 

Stara R.A. 3 30 29.301 +0.009 Decl. + 24 13 34.38 +0.20 7 Obs. Epoch 1884.84 

b 3 41 22.394 0.016 26 13 59.10 0.18 8 1884.92 

c 3 41 54.728 0.017 21 34 17-57 0.13 8 1884.92 

ad Seo 2mhs.001 0.010 23 17 49.81 0.16 8 1884.84 

and Dr. KustNner’s : — 

h. m. s. 8. UA " u” 

Biar@) R.A. 3 30 20.221 -£ 0.005 Decl. + 24 13 35.02 +0.09 5 Oks. Epoch 1885.87 

b 3 41 22.245 0.007 26 13 59.49 0.12 3 1886.04 

G 3 41 54.725 0.007 21 34 17.56 Opie: g 1885.77 

d 352) 12.030 0.005 23 17 50.49 0.09 5 1885.88 


the probable errors being in all cases simply the probable error of one observation divided by 
the square root of the number of observations. The proper motions of these stars appear to 
be small, as will be seen from the following older meridian observations at Koénigsberg and 
Bonn, brought up to 1885.0: — 


m. s. s. ae MW ” 
Stara RA. : 30 29.31 Diff. — 0.05 Decl. +24 13 28.9 Diff. + 5.8 Bessel 1825 
b B Me Bags] — 0.40 26 13 55-4 + 3.9 Bessel 1825 
¢ Be Al 54-77 — 0.04 21 34 19.8 —2.2 Argelander 1855 
ad 3 52 13:24 — 0.27 23 17 47.6 + 2.5 Bessel 1825 


The differences are from the mean of the Strasburg and Berlin results, and no systematic 
corrections to the places were applied. As the mean epochs of the meridian and Heliometer 
observations fall within a half-year of one another, no sensible error can arise from neglecting 
the proper motions, as has been done. 

For computing the length of the zones I have used the mean of the Strasburg and Berlin 
meridian observations, giving each equal weight for the places of a, 6,c, and d; for a, B, y, and 
§ I have taken places which result from a preliminary computation of the Yale triangulation, 
and which will be seen to differ inappreciably from the final results. To the meridian obser- 
vations of a,4,c,a I have applied a systematic correction of —o”.7o in right ascension and 
—o0”.30 in declination, to reduce them to the same system as the one adopted for the Yale 
work; this of course does not alter their relative positions, on which the length of the zone 


depends. The places thus determined are as follows : — 
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From them we derive the distances : 
ordinates (A a) = Aa cos 6 and A 6 of the several stars as follows : — 


Star @ 


RePW woe 
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° J ° f th 

RAS 52.34 43.22 Decl. + 24 13 34-40 
54 29 30.61 23 55 36.07 
55 18 34.62 24 37 57-61 
55 20 34.84 26 13 59.00 
555 73' 45°23 230040 925° 
55 28 40.20 Die Bul ake 
66590, 31-40 23 36 45.82 
58 3 13.85 23 17 49.85 


and the effect on them of a change of +1” in the co- 


WY 


PP LA Mf 4 X 
ao. 6240.52 —0.985 (Aa), + 0.985 (Aaja +0.173 Ad, — 0173 Ada 
ad 8123.78 —0.975 (Aaja +0.975 (Aa)s +0.221 Ad, — 0.221 Ads 
od 6848.89 — 0.986 (Aa)s + 0.986 (Au)g +0.166 Ads — 0.166 Ads 
Sum, 18213.16 —0.985 (Aa), + 0.010 (Aa), —o.o1r (Aa)s + 0.986 (Aa)g 
‘+0173 Ad, + 0.048 Ad, —0.055 Ads — 0.166 Adz 
Ve Vf [Le LA 4} 
bB 5762.41 + 0.017 (Aa)g —o.017 (Aa)g + 1.000 Ads —1.000 Adg 
By 5642.54 — 0.044 (Aa)g + 0.044 (Aa)y + 0.999 Ads —0.999 Ad, 
ye 5392.14 — 0.058 (Aa), + 0.058 (Aa), + 0.998 Ad, —0.998 Ad, 
Sum, 16797.09 + 0.017 (Aa)z — 0.061 (Aa)g — 0.014 (Aa)y + 0.058 (Aa), 
+ 1.000 Aé; —o.0or Aég —o,001 As, — 0.998 Ad, 


It is apparent that small uncertainties in the places of a, 8, -y, and 6 disappear in the sum of 
the three distances, and I have preferred to present the results in this manner rather than by 
projecting the distances all on the great circles joining @ and @, and éandc: the final con- 
clusions are in both methods identical. 

The Heliometer measures of these zones are presented in the following tables, fully re- 
duced and corrected to the adopted standard 849%.o for 28+ By, by the application of the 
values found in § 4 for each instrumental period. It will be found, however, as might be 
expected, that the value of ad+ By does not come out exactly equal to 8498.0; and as the 
difference o*.0131 =0”.17 is rather greater than the casual errors of observation would lead 
us to infer, it may be due to slight variations in scale-value on those days when the zone was 
measured from the general mean of the periods in which those days fall. I have therefore 
given the means also when corrected to make a8 + By exactly equal to 849®.0. 


aa ad 6a Sum. Temp. 
R R R R ° 
1884 Feb. 29 492.042 404.051 540.103 1436.196 10 
March 15 130 O41 056 227 44 
Sept, ot 067 042 o60 169 64.5 
15 098 O51 O14 163 62 
Oct. 5 TOI 043 042 186 60.5 
19 093 073 O15 181 51 
Nov. 20 095 116 005 216 31.5 
Dec 10 o71 076 033 180 3a:5 
1885 Jan. 2 o81 O71 109 261 5 
14 119 053 043 215 25:5 
Dec, 27 104 063 144 31k 25 
30 116 084 003 203 32.5 
12 Obs. Mean, f 492.0931 404.0637 540.0522 1436.2090 yee 
Correction to 849.0 — 0.0046 — 0.0063 — 0.0083 — 0.0222 
Corrected Mean, 492.0855 404.0574 540.0439  —-1436.1868 
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6B B Y ye Sum. Temp. 
R R R R . 
1884 Feb. 29 454.330 444.924 425.173 1324:427 7 
March 15 at 941 196 508 43 
Sept. 1 375 928 197 500 63-5 
15 385 955 163 503 63 
Oct. 5 414 971 210 595 ; 60.5 
* 424 972 153 549 5! 
Nov. 20 426 945 185 556 32 
Dec. 9 OH 960 213 550 33 
1885 Jan. 2 356 955 175 486 5:5 
14 347 942 239 528 25-5 
Decy 27 306 909 116 331 25 
30 401 991 179 571 32.5 
12 Obs. Mean, te " 454.3760 444.9494 425.1832 1324.5087 36.8 
Correction to 849.0 — 0.0070 — 0.0068 — 0.0066 — 0.0204 
Corrected Mean, 454-3690 444.9426 425.1766 1324.4883 


Before deducing the most probable scale-value from these data I must state my estimate of 
the probable uncertainties involved. For the meridian observations the four differences of 
co-ordinates @ to d and 6 to ¢ agree as follows : — 


aa ane 
Aa Aé Aa Aé 
LA LA 47 Mu 
Strasburg 19555-50 3344-57 485.01 16781.53 
Berlin 19555-76 3344.53 485.69 16781.93 
Diff. 0.26 0.04. 0.68 0.40 


from which we may infer the probable error of one difference of co-ordinate to be about 
+ 0”.20, and that of the mean of two determinations +0”.14; I have, however, taken + 0.20 
as a liberal estimate of the probable error of the length of a zone determined at Strasburg 
and Berlin. For the Heliometer observations the probable errors result as follows : — 


(2 = a) Prob. Error of one Obs. --o. cay Prob. Error of. Mean of 12 Obs. +o. ce 
(26) a < 0484 US se .O140 
(a—d)+-(6— 2) “ “ “ .0370 “ “ « “ ,O107 


It will be noticed that the value for the sam of the two zones is much less than might be ex- 
pected from those of each of the zones; this is due mainly to the discordant observation on 
December 27, 1885, where the two determinations of a—d and 6—c disagree, while their 
sum is in fair accordance with the general mean. I may remark that this degree of accuracy 
as shown by the swm of the zones, 0®.0370 on a length of 2760.*7 or about 1 on 75,000, is 
considerable; it does not appear, however, that it can be increased by assuming the scale-value 
to be determined by the pairs a8 and By and reducing the observations of each day to the 
normal value 8498.0 of this sum. If we take the probable error of one pointing as before 
== © .21, WE find the probable error of the sum of six distances Cpe upon two point- 
ings each to be = + 0”.364, which compared with the value + o*.0370 = 0.469, leaves for the 
uneliminated variations of scale-value on one distance of about 6000” the amount 0”.121, which 
is less than that found for a6 and By. 
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The scale-value for one semi-revolution of the screw or one half-division on the scale is 


then found, 


using uncorrected Mean, or using reduced Mean, 


// Mt 
wT uw 18213.16+0.20 
= 12.68142 + 0.00016 ae 1436.1868 + 0.0082 


Mt ft 


18213.16+0.20 
Zoneatoeg R= 1436.2090+ 0.0082 


// i 
= 12.68161 + 0.00016 


LA My // if 
Vf i 


16797-09+0.20 if Fra OTDTO9E O20 | a B94 eo cote 
Zone 6 toc S papiceracolst10 = 12.68175 +0.00020 rge bea eonse 94 
ibd 4} oy . ZA 1 // 3 oP , 
o10.25+0.28 _-35010.2540.2 ae 
Both Zones 35 5 = 12.68158+0.00012 ie COW eLEEOOT Soar a 12.68177 + 0.00012 


~ 2760.7177 0.0107 


The values from the two zones agree within their probable errors so that the scale-value is 
sensibly the same in the two perpendicular directions. The evidence that the deviation of the 
observed sum of a8 + By from $49.0 is really entirely due to actual change of scale-value, 
does not seem to me sufficiently great to warrant the preference being given absolutely to the 
“reduced Means; ”.so I have adopted as a compromise the intermediate value 


4} 


fe == 1205107, + 0.00012 


as final, and have reduced all the observations, using log. R = 1.103176. 

I may state that the two other less complete series of meridian observations of a, 0, c, and 
d, for which I am indebted to the observatories at Washington and Cambridge, give for the 
zones : — 


4/ LA 4t 


y/ 4 
Washington a@—dé 18212.42+0.82 6—c¢ 16797.81+1.06 Sum 35010.23 
Cambridge 18210.75 0.36 16798.70 1.22 35009-45 


Their introduction would but slightly change the concluded scale-value. 

Besides this determination of the scale-value, which from its close connection with the 
Pleiades measures is evidently the only one to be used for their reduction, I have also deduced 
a value from the arc in Cygzus which was used by the German Heliometer parties for the 
Transits of Venus, and of which the stars have been accurately determined. My observa- 
tions of this arc fall into two series, — one in the summer of 1885 and in eastern hour-angles, 
and one in the winter of 1886-87 in western hour-angles. In the first series all twelve 
measurable distances were secured on each night, but two pointings only for each distance ; 
I have therefore in the following table given the mean of two consecutive nights, which were 
always in reversed positions of the eyepiece-prism, so that the measures are directly com- 
parable with those of the second series, which consist of four pointings on each night, two in 
each position of the prism. 


1885 June 11-13 
14-17 
18-19 
25-30 


. to 1885.0 


1886 Nov. 
Dec. 


1887 Jan. 


! 


. to 1885.0 


11-13 
I4-17 
18-19 
25-30 


. to 1885.0 


1886 Nov. 
Dec. 


1887 Jan. 


. to 1885.0 
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ad 
R 
597-932 
937 
918 
.QOI 


Measures of Cyenus Arc. 


ac 


R 

337-526 
509 
508 
.480 


507-9217 
=F; -0002 


597-9219 


507.919 
.876 


925 
-894 


597-9935 
+ .0008 


337-5058 
~O00O0 


ab 


R 
186.518 
2559 
542 
.480 
186.5147 
+ .0007 


337-5058 


337-494 


442 


446 
-456 


186.5154 


136.485 


SEs 


bc 

R 
151.029 
.028 
.O10 
.036 


151.0257 
— .0007 


151.0250 


151.016 
O17 


051 
023 


R 
321.949 
945 
-Q4I 
952 


321.9467 
— .0004 


321.9463 


321.927 


943 


959 
944 


337-4595 
+ .0002 


151.0267 
— .0027 


321-9432 
— .0013 


239 
S250 

468.2500 

+ 10245 


597-9043 


ce 

R 
329-5 73 

cei 7/ 

-560 

560 


320.5575 
+ .0068 


320.5643 


320.529 


536 
585 


ohhe 


337-4597 


cad 
R 
173-335 
353 
355 
-364 


173.3518 
— ,O00I 


173-3517 


173-350 
-344 


374 
rae 


R 
147.184 
EF 
.200 
-196 


147-1992 
+ .0069 


147.2061 


147.152 


176 
.181 


190 


151.0240 


321.9419 


af 

R 
325.104 

.128 


“LS 
.116 


468.2745 


cf 


R 
498.079 
-079 
.106 
.080 


2250DE5o 
+ .0038 


325.1196 


325.087 


abu 
“D2 


re Th 8 § 


498.0860 
+ .0038 


498.0898 


498.119 


LO2 
.036 
.087 


320.5502 
OZ 53 


173-3475 
— .0005 


147.1747 
+ .0257 


325.1087 
+ .0142 


498.0860 
+ .0142 


379-5759 


173-3479 


147.2004 


325.1229 


498.1002 
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The reduction to 1885.0 has been deduced from the data kindly furnished by Professor 
Auwers, which are as follows :— 
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Mean Places for 1885.0 of Cyenus Stars from Meridian Observations. 


Right Ascension. m. Error. Prop. motion. m. Error. Declination. m, Error. | Prop. motion. m. Error. 


// Ti MI /f 
55-6940.103 | +0.010+0.0121 
20.60 0.140 | —0.007 0.0079 
15-00 0.136 | +0.009 0.0189 

2.02 0.138 | +0.005 0.0078 
15.89 0.126 | —0.154 0.0073 
37-25 0.102 | —O.J22 0.0063 


Ss. Ss. 
— 0.0021 +0.00071 
—0.0008 0.00048 
+ 0.0058 0.00124 
+ 0.0022 0.00052 
+ 0.0065 0.00047 
—0.009I 0.00035 


h, m. s. s. 
20 46 0.206+0.0060 


0.0089 
0.0088 
0.0088 
0.0081 
0.005 7 


45 58.757 
46 4.820 
45 14.426 
44 26.794 
AL SOs} 


From these data we derive the following values of the distances of the stars and their annual 
variations, the logarithms of the projection factors to project the distances on the great circle 
joining a and ¥, the resulting projected distances, and the values of the same as given by the 
preceding observations. 


From MERIDIAN OBSERVATIONS. FROM HELIOMETER MEASURES. 


Distance 1885.0. 


1 
a@b = 2364.952 
CCR TOLS.270 
cad 2198.674 
de 1867.056 
Cee 202.204 


@¢ == 4279-539 
bd 4082.993 
cé  4065.542 
af 4122.894 


ad  6441.094 
be 5.938.585 
cf 6316.928 


Log. proj. factor. 


9-9950763 
9-9924293 
9.:9992218 
9.9986269 
9-9920467 


9.9939631 
9-99935 26 
9-9989687 
9-995 7054 


9.9982507 
9.9999624 
9-9972505 


Proj. Distance. 


17 
2338.291 
1882.172 
2194.738 
1861.162 
222.505 


4220.463 
4076.910 
4055.900 
4082.325 


6415.201 


5938.072 
6277.063 


Distance 1885.0. 


Projected. 


R 
186.5061 = 


151.0245 
17373493 
147.2032 

"178.3911 


337-4827 
321.9441 
320.5699 
ORCA 


597-9131 
468.2706 


498.0950 


BE 
2365.206 
1915.241 
2198.356 
1866.780 
2262.295 


4279.839 
4082.784 
4065.358 
4123.076 


6441.180 


5938.447 
6316.668 


// 


2338.543 
1882.143 
2194.421 
1860.887 


222 Tone 


$220. 759 
4076.702 
4055.716 
4082.505 


6415.287 


5937-932 
6276.804 


The adjustment of these measures I have carried out as follows: If we denote the corrections 
to the projections of the stars a, 4, c,d, e, and f, on the great circle joining a f as given by the 
meridian observations, to be (a) (6) (c) (d) (e) and (/) respectively, and further denote by s the 
error of the assumed scale-value per 1000”, and by s?a term proportional to the square of 
the distance, also per 1000", we get the equations of condition : — 
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4 iA // 4/7 

+ (0) — (a2) + 2.345 + 5.485?=+ 0.252 Residuals: I.+0.021 IL— 0.004 III.— 0.005 
+ (¢) —(d) +1.88 + 3.53 — 0,029 — 0.053 — 0.076 — 0.075 
+ (@z@) —(¢c) +219 + 4.80 => ON Gi'y/ — 0.049 — 0.088 — 0.088 
+ (4) ~(¢) +186. + 3.46 —0.275 — 0.202 — 0.223 — 0.224 
Anef uma Ke) rk 2.22: cf. 4593 + 0.079 — 0,008 — 0.031 — 0.032 
+(e) —(@) +4.22 + 17.81 + 0.296 + 0.00 — 0.00 — 0.00 

+ (@) —(d) + 4.08 4+ 16.65 —0.208 _ cae — Sore - oe. 
+ (¢) —(¢) + 4.06 + 16.48 — 0.184 + 0.121 + 0.097 + 0,096 
+(/) —(@) + 4.08 4+ 16.65 + 0.180 + 0.129 + 0.122 + 0.120 
+ (@) —(@) + 6.42 + 41.22 + 0.086 — 0.022 + 0.012 + 0.012 
+ (4) —(4) + 5.94 + 35.28 — 0.140 + 0.072 + 0.094 + 0.094 
tats i —(c) + 6.28. + 39.44 — 0.259 — 0.123 — 0.088 — 0.090 


from which, with equal weight for each equation, are formed the normals : — 


+ 3.00(@) — 1.00(4) — 1.00(¢) — 1.00(@) + 0.00 (¢) + 0.00(f)— 12.985 — 64.5157=— 0.634 
— 1.00 + 4.00 — 1.00 — 1.00 I.00 + 0.00 — 9.56 — 49.98 + 0.629 
— 1.00 — 1.00 + 5.00 — 1.00 — 1.00 — 1.00 — 6.43 — 39.38 “1.027 
= TOC — 1.00 — 1.00 + 5.00 — 1.00 — 1.00 + 6.75 + 42.56 — 0.344 [un]= 
-+- 0.00 — 1.00 — 1.00 — 1.00 + 4.00 — 1.00 + 9.64 + 50.29 — 0.678 0.5379 
-+- 0.00 + 0.00 OO — 1.00 = TL) sss 00) + 12.58 + 61.02 -+ 0.000 
— 12.05 — 9.56 — 6.43 aie Oy + 9.64 +12.58 =| 205.73 +1047.09 — 2.014 
—64.51 —49.98 Ora O +42.56 +50.29 +61.02 +1047.09 +5 744.31 —10.640 


If we now consider the length of the arc to be fixed by the meridian observations of a and 
J; we put (a) and (f) =o, and find for the solutions of the normals, according as we take s? or 
not, the values: — 


SoLuTion I. Sotution II. 
4 4} // y/ 
(6) = + 0.228 (d) = — 0.015 (6) = + 0.227 (dZ) = — 0.007 
= .0.254 (€) = — 0.086 (Co = 0,250 (¢) =— 0.082 
y/ vl 4/ 4} 
§ =— 0.0096 + 0.0226 $= + 0.0126 + 0.0069 
$s? = + 0.0045 + 0.0043 
[vv] = 0.0984 [vv] = 0.1056 
LA 
Prob. error 1 equation + 0.086 : Prob. error 1 equation + 0.083. 


The probable errors of one equation for the two solutions show that in this case nothing 
is gained by introducing a term depending upon the square of the distance, and the same 
follows from the residuals of these solutions which are found above beside the equations of 
condition. For s we have still to take into account the probable uncertainty of the length of 
a fas given by the meridian observations. This amounts to + ely Sie according to Professor 
Auwers’s data, and hence the probable error of s we find to be + 0’.0144. This is larger than 
s itself from Solution II., and thus the scale-value derived therefrom, — 


A Lf 
12.68152 + 0.00018, 


is in good accordance with the results adopted pop the Pleiades zones. If we hold to this 
latter value from the Pleiades, we may put (@), s and s? =o, and we then find: — 
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Sotution III. 


// / 
(6) = + 0.257 A Wt. 1.47 Prob. error + 0.057 
(c) = + 0.303 1.49 0.056 
(Z) = + 0.074 1.49 0.056 
(ec) =+ 0.023 1.28 0.065 
(/) = + 0.134 1.18 0.070 


fori 0.1056 


Prob. error 1 equation + 0.083 


The residuals for this solution, given above in column III. are the same practically as for the 
other two solutions, none of which can be considered very satisfactory. The probable error 
of one complete measure of distance of these Cygnus stars is found = + 0’.142, and hence we 
should expect a probable error for one equation to be + 0’.142: /8=+ 0”.050, and from the 
adjustment we find it to be +0”.083, leaving an additional error of + 0”.066 to be accounted 
for. Furthermore, there is a decided tendency of the residuals of the five smaller distances to 
the minus sign, and of the four intermediate distances to the plus sign, which is not much 
diminished by the term s*; so that the systematic error, if it really exists, does not seem to 
follow this law. To throw some light on the question, I therefore looked up another zone 
where there would be more variation in the distances, and selected one composed of the 
following stars, all lying nearly on the same parallel of declination : — 


/ ‘7 


i Sa oS 2 
Star R.A. (1855.0) 19 16 54 Decl. (1855.0) + 19 59 48 Mag. 7.1 


Qa 

B 17 28 59 5 6.5 
y 19 4 59 20 6.6 
8 2012 58 23 6.6 ° 
€ 21 35 57 29 7-4 
4 DR @ 59 14 7.0 


The fifteen combinations of these stars I measured each on four nights in September and 
October, 1886 (mean temperature 55°), and the mean results will be found in the table which 
follows. I also measured the position-angles, each on two nights, not with the view of deter- 
mining the differences of declination or of testing the angle measures especially, but simply 
to be able to transform the distances into differences of right ascension, which may be treated 
in a similar manner as distances on a great circle. These differences of right ascension will 
be found under A a, having been obtained by taking the declination of star y+ 20° 2’ 52.28 for 
1886.0 from the Glasgow catalogue: — 


Note. — The measures of the Cygnus arc furnish also some evidence of the smallness of the temperature effect on the 
scale-value, as we have : — 


1885 Sum of all the measured distances : 361 5.8962 Temp. 61.0 
1886-1887 a os ‘s 3615.8459 22:2 


leading to a value for an increase of 1° on a distance of 1° of 


R R 
+ 0.00000036  0,00000020 , 
which agrees closely with that derived on page 17. 
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Distance. 


R 
20.5101-== 


75-7308 

92.6465 

96.7787 
105-9797 
144.3375 
168.3607 
181.5899 
188.9914 
220.0362 
264.5304 
274.2183 
312.6817 
319°5077 
408.8842 


4} 
488.37 
960.39 

1174.91 
1227.31 
1343.88 
1830.44 
2135.09 
2302.86 
2396.72 
2799.43 
3354-68 
3477-54 
3965-32 
4698.64 
5185.33 


Measures of Special Zone. 


Position-Angle, 1886.0. Aa 


41 

517.91 
1020.50 
1249.20 
1301.55 
1430.46 
1948.32 
2269.55 
2450.84 
2559-59 
2968.96 
3571-05 
3700.04 
4218.21 
5001.64 
5519.80 


Residuals. 


— 0.065 
— 0.092 
— 0.094 
= OxOL 
+ 0.098 
= O102 5 
+ 0.044 
+ 0.023 
—- 0.049 
+ 0.075 
+ 0.045 
AOL 7 
+ 0.045 
OLOVY/ 


4/ // 
-+ 0.080 II.+ 0.111 


— 0.629 
— 0.043 
— 0.020 
+ 0.001 
+ 0.160 
+ 0.078 
+ 0.090 
+ 0.097 
— 0.009 
+ 0.108 
+ 0.047 
— 0.102 
—=10;023 
— 0.162 
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The equations of condition and normals are formed similarly as for the Cyguus arc; denot- 
ing by (a), (8), (y); (8), (€); (¢), corrections to an assumed system of differences of right ascension, 
and by s and s? the same as before, we get the solutions which follow and the residuals placed 


in the table above. 


SoLuTion I. 


(8) = + 0.123 
(y) = + 0.219 


S55 =— 0.0914 + 0.0171 
s? = + 0.0150 + 0.0039 


Prob. error 1 equation + 0.057 


If 


4 
(6) = + 0.091 
(c) = + 0.040 


/ 


Mf 


(6)=+ 0.127 
(y) = + 0.218 


SoLuTion II. 


LA 


§ = — 0,0292 + 0.0076 


Mr 
(8) = + 0.079 
(«) = + 0.022 


Prob. error 1 equation + 0.073. 


It would thus appear that in this case considerable is gained by taking the term s’, but I 
am inclined to consider the solution without it as showing that the systematic errors of the 
distances must be very small. The probable error of one measure of these stars amounted to 
+ 0”.136, so that for four measures we should have the uncertainty + 0”.068 which is practi- 
cally the same as + 0’.073 X cos 8=0".069, and Solution I. falls much inside this limit. I 
think we may conclude from these measures and those of the Cygnus arc that, although a 
term proportional to the square of the distance may exist, having its possible origin, as pointed 
out by Git, in the radius of curvature of the scales not being precisely equal to their distance 
from the normal focal point, still it is likely to be very small, and we may be warranted in 
neglecting it, as I have done in the present work. 


3 
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j 


§ 7. REDUCTION OF THE OBSERVATIONS OF PosITION-ANGLE. 


Tue position-circle is read by two microscopes to 1”, the divisions being cut for each 
10’ and the screw-head divided into sixty parts. I have not investigated these screws as yet, 
but it is not likely any error of importance can result from neglecting their corrections. Gen- 
erally only one division and the index were read and the run determined from a 20" space. 
The division errors of the circle were examined in 1886: For this purpose the two hour-circle 
microscopes were mounted on one of the flanges ina manner that admitted the variation of 
their distance, and thus gave intervals of 90°, 45°, 75°, and 50°; from which it will be seen the 
errors of every 5° line can be determined by a series of operations consisting of two bisections 
and two trisections, the relative error of the lines o° and 180° being previously ascertained by 
means of the fixed microscopes. These measures were made by Mr. Hall and myself, and from 
them he has deduced the following table of division errors for each 5° line : — 


Division. Div. Error. Division. Div. Error. f Formula. Residuals. 


am 
“ 


41 ° 47 // 

0.00 180 -+ 1.01 y + 0.18 
+ 0.83 185 + 4.35 : + 0.57 
— 0.89 190 + 1.08 E + 0.97 
ae bys 195 + 0.70 c + 1.34 
+ 2.40 200 + 1.30 : + 1.69 
+ 1.44 205 + 3:37 . sp dO 
Sp Batles 210 ar Bok . Sey, 
+ 0.80 215 + 1.80 : + 2.49 
+ 2.97 220 : : ++ 2.64 
+ 2.68 225 ‘ : + 2.72 
=) 1350 230 : : ap BagfZ 
+ 4.79 235 ; c + 2.69 
+ 2.36 240 ¢ : 257 
+ 3-54 : : + 2.39 
+ 6.32 ‘ 5 + 2.15 
+ 1.03 : : + 1.86 
+ 3.18 E 5 + 1.53 
+ 2.48 ; ; + 1.17 
+ 3-80 . 5 + 0.78 
+ 1.76 : + 0.39 
+ 0.29 . c 0.01 
qe LEAS ; : 0.38 
+ 0.01 : ‘ 0.73 
oa 0.06 is é I-05 
— 0.38 . c neg 
— 1.02 : ‘ 3 
— 1.08 : ; He 
— 0.76 . ‘ — 1.76 
Oo . : 1.76 
—, 3°02 ss 137 
ea . 4 ae 
+ 0-09 . : 1.43 
ve ee . : 1.19 
— 0.80 
firs, 7 , 2 a0 
23 : . — 0.21 


| ++ 
CROELSO 
wmDow 
Con nN 


[+1 +++ 


eae 


fe 
+r. 
+ 
+ 
+o. 
oe 
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The means of the errors for two divisions 180° apart are represented by the formula 


LA LA tf 
+ 0.48 + 2.24 sin 2 — 0.30 cos Nn, 


with the residuals in the last column. These do not profess to be the casual division errors of 
the lines, but rather show the accuracy attainable with microscopes reading to 1” only. The 
probable value of one residual is + 0.56. 

These results were obtained after all the reductions of the Pleiades work were completed ; 
and as the maximum effect on any co-ordinate of the values from the above formula is only 
0”.03, I have not thought it worth while to go over the work again, and have not applied any 
correction for division error of the position-circle. 

The corrections for instrumental adjustments and flexures have the form 


+ # sintsec6—ycostsec6+i,sec6—d tangs } 


— B cos $ sint + p (sing cos8—cosdsinicost) § For Telescope East of Meridian, 


the notation being the same as in Besset’s Astvonomische Untersuchungen. The values for 
* the equatorial adjustment derived from observations up to 1887, since September, 1885, made 
principally by Mr. Hall, have been found as follows : — 


Date & J 4 Z B : 

tt LA LA IT iA 
1284 April 21-26 +74 — 23 — 15 — 38 — 14 
May 21 +71 — 21 — 5 —44 — 15 
June 21 + 73 — 13 — 12 —47 + 4 
July 18-21 + 73 —i19 —17 — 49 — 13 
Aug 16 + 73 —17 —7 — 42 — 12 
Oct 5 + 81 — 13 +1 — 33 —4 
Nov. ¥7 +70 — 23 —10 
1885 Jan. 3 + 78 — 14 20 Ane sae 5 
March 6 + 83 57 — 23 — 58 we 
April 18 +79 — 16 —3I — 50 — 10 
Sept 11-13 + 95 8 a — 49 + 4 
Oct 22 a — 41 — 16 — 43 3 
Oct. 27 8 — 37 — 12 — 35 P 
Novy. 15-27 + 76 — 34 et 2 = 44 =e 

1886 Jan. 6 + — 45 == 5 — 43 . 
Jan. 23 +79 AL =gO “e44 =e 
March 16-21 + 81 — 42 “5,20 — 3! <9 
Sept. 3-11 + 82 eg eer “ae "3 
Nov. 4-14 + 76 — 38 — 36 —— $3 ce 


For the two principal periods of the Pleiades work on position-angles I have adopted the 
values : — 


2 7, ‘L P 7] a “ pas 
1885 Jan. to Sept. #=+ 75 y=— 16 oat 7 ie ei = 
1885 Oct. to Jan. 1886 x=+ 76 y=—39 re Y | 7 =— 45 B=o0, 


some sudden change in y having decidedly taken place early in October, 1885. For p, which 
Besser explains as caused by a twisting of the telescope around its axis, and which I had 
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thought would prove insensible until the disagreement of the observations East and West of 
the meridian showed the necessity of some such correction, the values found from obser- 
vations in the two positions of the instrument of pairs of southern stars giving a large factor 


WEL. —— 
1886 Jan. 23 p=t 81 Elkin. 1886 Apr. 29 f@=+ 70 Hall. 
26 + 78 29 + 79 
Feb, 23S + 89 30 + 67 
9 + 99 May 2 | + 67 
ae 6 + 91 
Mean, p= 87 9 ahegy) 


Mean, p=+ 76 
I have adopted the value 


4y 


w=+ 80, 


which brings, it will be seen, the observations East and West into passable accordance. 

The index error of the position-circle has been determined in a similar manner as was the 
scale-value, from observations of the position-angles of the two pairs a6 and By made on 
each observing night; the values of the position-angles of these pairs being in turn derived 
from the zones a—d and 6—c. The measures made for this purpose are the following, 
which are presented fully reduced with approximate index errors already applied: — 


aa ad $d Sum. | a 6 Corrected. Resid. 

° Te ABA ° Uv y/ Oe Ji ° / My ° CL: MT 
1884 Oct. 19 99 57 13 1O2 445 17 99 32 48 302, 1dr at 102 44 18 — 0.36 
20 57 56 45 35 33 46 7.10 44°43 + 0.26 
21 Gyros 45 26 33 49 17 13 44 33 + 0.01 
Nov. 2 57 17 44.0 32 56 14 6 44 10 — 0.56 
1885 March 8 56 36 44 0 BZ nro 12 46 44 37 + 0.11 
10 57 44 45 10 32 49 15 43 44 47 + 0.36 
18 eek 44 1 BA Tae rA 44 28 —o.1I 
27 56 50 44 27 32 50 14> 7 44 36 + 0.08 
DEC 27 Bo 3 45 51 ky “ed iy le U5 45 1 + 0.71 
30 57 36 44 37 33 6 15 19 44 22 — 0.26 
1886 Jan. 7 56 36 43 49 32637 13.2 44 20 — 0.31 
10 56 55 44 13 Ee) ts) 13 26 44 36 — 0.08 

Mean, 102 44 32.6 

b B B y ye Sum. B y Corrected. Resid. 

° (Ae thd ° 7 A ° y yt ° / Vis ° / ut yt 
1884 Oct. 19 181 4 32 177,29 18 186 42 8 535 15 58 Vip me Loe | — 0.01 
20 4 11 28 32 41 36 14 19 29 12 — 0.34 
21 4 42 29 29 42 37 16° 48 29 19 — 0.15 
Nov. 2 4 22 20 2 AI 56 « 15.20 20.2% — 0.09 
1885 March 8 rors 29 55 41 39 16 39 29 48 + 0.65 
10 Att 20°41 41 51 rh 3 . 29 26 + 0.04 
18 4 20 29 24 41 56 15 40 29 36 + 0.32 
i 27 4 31 28 57 42 7 15 35 29 11 acs 
eC; - : 52 29 27 42 35 16 54 29 3S — 0.26 
29 .230—C«; 41 24 I 29 31 0.18 
1886 Jan. 7 4s 28 54 42 2 e a pr aA oe 
fo) 43 29 «9 41 56 15 6 29 31 + 0.18 


Mean, 177 29 24.4 
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The meridian observations as adopted on p. 26, give for the zones : — 


aa 
ad 
bd 


Sum, 


bB 
By 
ye 
Sum, 


° 


7: 41 // 


4/ 


4} 


9957 35 + 57406 — 5.7Ama + 32.5 A5, 
102 44 39.1 + 89Ao, — 89A0s +39.2A8& 
99 32 526 + 5.0Aas — S.oAug + 29.6 Ads 
302 14 35-2 + 5-7 Aag + 3:2AaG,. — 3.9 Aas 
+325A6, + 67A8 — 9.6A8; 

° / 4/ 4 // / 
181 4 46.0 + 35.7 Aa, —35.7A0g — 0.646, 
177 29 10.4 + 36.6 A0g —366Ac, + 1.6Ad, 
176 42 21.1 + 38.2Aae, —38.2Ac, + 2.2 A6, 
535 16 17.5 + 35.740; + og Ang + 1.6Ac, 
— 06A6, + 2.248 + 06A6, 


A 
— 32.5 Ada 
— 39.2 Ads 
— 29.6 Adg 


= Geo Nor, 

— 29.6 Adz. 
I, 

+ 0.6 A 5 

— 1.6A4, 

— 2.2 A6, 


— 38.2 Aa, 
— 2.2 A6, 


oF 


If now we deduce and apply the index correction for each day found from the equation 
Observed Sum + 3 Index Correction = Computed Sum, 


we get the corrected values for the position-angle of a6 and By given in the last column but 
one of the table on the preceding page, the means of which have been considered the final 
values for these quantities. From the residuals in the last columns the probable error of 
one corrected value is found in the mean from both pairs to be = + 0.22; and hence if we 
take as before the probable uncertainty in the relative places of @ and d, and 4 and ¢, to be 
= + 0”.20, we find the probable error of the final values of ad and By 


4 4] Mv 
= 0.20: 3)? + (0.22)7 : 12} == + 0.092, 
“/ 9 


and as the final “orientation” depends on the mean of the results given by a6 and By, its 
probable uncertainty will be about 


4) 


+ 0.065 


on the whole length of the group, approximately the same as that of the dimensions of the 
group as shown by the probable error of the scale-value. 

The series of observations of a8 and By are as follows, the periods being the same as for 
the distances : — 


Observations of the Position-Angles of a5 and B y. 


Periop III. October and November, 1884; Telescope West. 


ad By Resid. 
° / ‘Ty tt 

177 29 31 + 0.36 

28 45 — 0.90 

29 42 + 0.66 

29 15 — 0.08 


177 29053 


° / My 

1884 Oct. 19 102 44 20 
20 45 48 

21 45 39 

44 13 


102° 45°00 


1884 Oct. 


Nov. 


Mean, 
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Periop IV. Yanuary, 1885; Telescope West. 


ad Resid. Resid. 

° 4, LA Mf 4] 
Jan. 3 102 46 52 =O: 57 1885 Jan. 8 — 0.16 
14 46 44 ~ — 0.37 10 — 0.25 
18 47 20 + 0.52 19 + 0.38 


Mean, Ioz 46 59 Mean, 


Periop V. Yanuary to April, 1885; Telescope East. 


4, ° 
40 1885 Jan. 19 177 
31 29 
31 
Feb. 8 
22 
25 
March 2 
8 
10 
II 
17 
18 
21 
25 


April 1 


[Sit ire+t 


Mean, 177 


PeRIoD VI. September, 1885 ; Telescope West. 


4 
1885 Sept. + 0.07 1885 Sept. 
— 0-47 
— 0.10 
+ 0.55 
— 0.20 


+ 0.12 


October, 1885, to Fanuary, 1886 ; Telescope West. 


ut / ° 
1885 Oct. 51 + 0.20 1885 Oct. 177 
: 26 — 0.40 
Nov. 53 + 0.27 
33 — 0.22 Nov. 
29 Sip Uesii7/ 
Dec. 57 =——0,12 
fo) + 0.45 Dec. 
31 — 0.27 
G2 — 1.24 
6 + 2.09 
52 + 0.25 
4 meen 
28 — 0.35 


J+] +) +++ 
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Periop VIII. . December, 1885, and January, 1886; Telescope East. 


ad By 


° 
/ Wt ° / 4/ 


1885 Dec. 29 10204517 1685) Dec.-27 I 
. Tins? 5 
1886 Jan. 7 46 57 1886 Jan. 5 31 38 
14 46 4 II Be i 
15 46 17 17 Sto 


Mean, 102 46 9 : Mean, 177 31 45 


The means of the several groups compared with the deduced values for the position-angles 
of ad and By lead to the following values for the index error: — 


I // // if 

Period III. Index error fromad: + 27,fromBy:— 6 Mean, + 10 Adopted, + 8 
IV. + 146 + 160 + 153 + 152 

Ve + 135 137 + 136 “1 234 

VI. + 76 ap Oi) + 86 + 86 

VII. + 129 + 140 + 134 + 132 

VILL. + 96 + 141 Fe Ge. +119 


the adopted values being from a preliminary computation, but fall so close to the final 
means that I have not thought it worth while to recompute the reductions. 

The residuals show the great inferiority of the position-angles to the distances; the prob- 
able error of one observation of position-angle of a6 or By is found in the mean + 07.43; and 
if we compare this with the value + 0”.22 found above, when the constant error for each day is 
eliminated by means of the zones a—d and 6—<, we get for the additional error introduced by 
the variations of index error and uncertainty in the elements of reduction the value £07.37, 
more than twice as much as was found from the distances. On very large distances, there- 
fore, the position-angle measures cannot compete with the distances, and it has therefore 
proved fortunate that I have only used them for the determinations from the central star 
Alcyone, where the distances are comparatively small, in general only about one third of a6 or 
By. For these smaller distances the uncertainty in the index error and other elements of 
reduction becomes inferior to the errors of pointing, and the superiority of the distance 


measures is not so exorbitantly great. 


§ 8. MeasuRES OF THE DISTANCE AND PosiITION-ANGLE OF THE PLEIADES STARS FROM 
ALCYONE. 


THE computation of the second triangulation, or that depending upon measures of dis- 
tance and position-angle from Alcyone, was undertaken the first, as it presented the least 
difficulties and would serve conveniently as a foundation for the second determination, — that 
depending upon the measures from the quadrilateral a By 6. 

The measures are given in the following tables fully reduced; that is, corrected for refrac- 
tion, instrumental error, and reduction to 1885.0, and made perfectly homogeneous by the 
application of the corrections for each instrumental period as given in § 4 and § 7. Each 
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star is designated by a current number and by that in Besset’s list, the latter in ztalics. 
It will be seen that I have secured four observations on each side of the meridian for each star, 
and have given the results separately for each position. Grouping the differences between the 
two positions into four quadrants of position-angle, we get the following table: — 


Differences between Observations East and West (W — E): 


Pos.-Angle = 315° — 45°. Pos.-Angle = 45° — 135°. Pos.-Angle = 135° — 225°. Pos.-Angle = 225° — 315°. 


Star. Distance. Pos.-Angle. Star. Distance. _  Pos.-Angle. Star. Distance. Pos.-Angle. Star. Distance. Pos.-Angle. 
R " 1 R u” R uw yt R I W 


+0.0405 — 48.5=0.58/50 +0.0970 +128.2=0.33 + 0.0033 ig} OHO —0.0438 + 32.5=0.51 
—0.0100 — 36.3 0.60 + 0.0302 31.7) 0.14 + 0.0430 “5 0.02 —0.0545 79.0 
+0.0297 — 2.0 0.03 +0.0400 49.0 0.36 +0.0278 : 0.97 —0.0073 54.5 
—0.0178 + 37.2 0.58 +0.0180 53:0 0.36 + 0.0015 OmnOrg 3 — 0.0300 34.0 
—0.0045 —I119.3 1.39 + 0.0365 14.0 0.10 + 0.0453 0 0.07 —0.0195 15.2 
+ 0.0107 37-5 0.38 + 0.0048 22 OmmOvLO = O01 05 <7 O.57 — 0.0042 15-5 
+ 0.0083 Bes7 Oux® — 0.0090 Bog Ongw + 0.0120 POM OnL T —0.0138 48.5 
—0.0058 9:3 0:07 + 0.0167 $3.5 0.75 + 0.0382 7 0.06 + 0.0027 77 
—0.0197 37.8 0.48 —0.0113 2015 10.87 —0.0275 35, 6 O.5 7 —0O.0170 E722 
+ 0.0503 ORR OQe SOLOS 78 BOK) OnRYVil — 0.0010 FOmOs5 0 + 0.0290 51.3 
—o.0118 F034 10250 + 0.0143 60.5 0.57 — 0.0133 1757 
— 0.0362 Ree Oka = OLOOO5 a-ak 7 OM Onl 7 + 0.0659 Dg ( DP 
+ 0.0125 29.5 0.09 —=O.0000 =F 02.0 0.07, +0.0178 46.5 
+ 0.0108 12.5 0.20 OKO) <= WOKE) Ott —0,0445 119-3 
—0.0480 95:5 0.45 —0.0012 40.2 0.59 + 0.0027 — 20.0 
— 0.0050 29.5 0.17 *F 0.0092) + (40.3 0.55 + 0.0175 — 19207 
+0.0258 3.5 0.04 + 0.0140 9.0) 20.12 — 0.0068 a2 
—o.0118 225 
+0.0142 37.0 
+0.0193 — 33-5 
+0.0017 70.5 
= 0.0230 441,28 
+ 0.0547 —327.2 
FO.01O5 4 Ol 


oneal 


|+1++ 1+] 


R a R R ‘ R A 
Means, + 0.0018 —0.16 ~- 0.0131 : + 0.0133 + 0.12 — 0.0023 — 0.09 


I am not inclined to attribute any reality to these apparent differences. In the means we 
have, those in position-angle being expressed in the equivalent on a great circle: — 


wy ° ° R 4 tf 
Position-Angle 315 — 45 (W.—E.): Distance + 0.0018 = 4+ 0.02 Position-Angle — 0.16 . 17 Stars 
45 — 135 Sia O- Oa Tania kOnty7 + 0.04 by ie 
NEI > PPA + 0.0133 = O17, =e Oulne TOs 
225 — 315 0.0023 10:02 == CHOW oy 
General Mean, + 0.0049 = + 0.06 — 0.03 68 of 


showing but a slight discrepancy between the two positions. 

The figures given for the position-angles are the values for the mean of the position- 
angles at the two stars; what is observed directly with the Heliometer is the POs C a 
at the middle point eevee the two stars, and the correction 

+ py S’sin 29 (1 + 2 tang? d)) 
has been applied to the observed data. 
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Date. Distance. Position-Angle, I Star. Date. Distance. Position-Angle, 


R R 
1885 Sept. 255.319 4 1885 Sept. 214.190 
Sept. 247 : : Sept. ISI 
Nov. -299 : Nov. 119 
Nov. 258 ‘ Nov. -140 


W. 255.2807 286 51 28.0 : W. 214.1500 


1885 Mar. 10 255.352 286 51 43. 1885 Mar. 214.168 
Mar. 25 340 GI 24. Mar. 172 
Déecy 29 337 49 1886 Jan. 7 

1886 Jan. 7 £269 51 ; Jan. -203 


E. 255-3245 . E. 214.1800 


R 


R 
255.3026 214.1650 

Mean Mu Mean i Mu 
3237.658 ; ; ( 2715.964 


R R 

1885 Sept. 258.994 5 1885 Jan. 181.301 
Sept. 258.919 . : (2). Jan. 258 
Nov. 259.001 7 , 264 

Nov. 259.028 : : 214 


W. 258.9855 A : 5 181.2592 


1885 Mar. 259.064 : : 181.305 
Mar. .008 : .270 
1886 Jan. .O41 : : .280 
Jan. .047 ; 5 .260 


E. 259.0400 : : 3 181.2787 


R 


259.0127 
Mean u 
3284.708 


R 
3 1885 Sept. 200.427 
Sept. .406 
Sept. 477 
509 


200.4547 
169.015 
437 169.028 


1442 a acs. 168.995 
ne ’ 169.035 


169.0182 


200.497 


200.4620 


S 6 . 6 
200.4583 Mean z ee : 


4 
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Distance. 


R 
160.240 
+243 
.270 
.166 


GROUP OF THE PLEIADES. 


Position-Angle. f Star. Date. 


° / Wt 
285 44 54 
42 10 (@). 
42 26 . 
46 


10 1885 Jan. 


Jan. 


160.2297 


160.211 
.240 
258 
205 


160.2435 


R 
-( 160.2366 
Mean uw 


203 2.064 


R 
192.922 
193.007 - 
192.897 
192.901 


192.9317 


192.895 
973 
904 
944 

192.9290 
R 


192.9303 
Mean yt 
2446.675 


R 
256.787 
804 
795 
772 


256.7895 

256.767 
wet 
754 
+724. 

256.7490 


R 
256.7692 
Mean 1 ” z 
3256.256 


11 1885 Sept. 
Sept. 
Sept. 
Sept. 


W. 


1885 Dec. 
Dec. 
1886 Jan. 
Jan. 


E. 


Mean 


12 1885 Sept. 
Sept. 
Sept. 
Sept. 


W. 


1885 Dec. 21 

Dec. 29 
1886 Jan. 5 
Jan. 6 


E. 


Mean } 


Distance. Position-Angle. 


° Mf VI 
304 20 54 
20 Ee 

20 

20 


R 
179.587 


20 


20 
20 
20 


ae) 
20 


179-5159 


2277313 


R 
269.831 
-798 
814 
883 


269.8315 


269.911 
823 
847 
785 


269.8415 


R 
269.8365 


LA 


3421.970 


R 
259.280 
305 
-360 
282 


259.3007 


259-331 
261 


294 
0222 


EL jaclt f/5) 


R 
259.2918 


4 


3288.248 


Star. 


13 188 
(1). 5 


MEASURES. FROM ALCYONE. 


Date. Distance. Position-Angle. Temp. 


R ° le fle ° 
134.238 260,55 0 54 
-238 56 58. 46 
228 54°25 26 
263 55. 17s 25 


Oct. 
Oct. 
Dec. 
Dec. 


134.2417 


134.166 
ge 
-263 
250 


134-2127 
R 

134.2272 
Mean ” 


1702.222 


R 
160.068 


159.996 
160.030 


159-975 


160.0172 


159-993 
160.028 
160.045 
160.056 


160.0305 
R 
( 160.0238 


Mean ” 
q 2029.364 


Mean 


R 

122.928 
920 
-846 
935 


122.9072 


122.(688) 
831 
-864 
829 


122.8413 


R 
122.8742 
Mean v7 
1558.248 


Mean 
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Distance. Position-Angle. Temp. 


61 
49-5 
50 
50 
254.8762 52.6 


254-919 
.860 
823 


“OTs 
254.8940 


34 
33 
4-5 
26.5 
R 
254.8851 


4/ 


3232-364 


R 
136.733 - 
723 
744 
.682 


136.7205 

136.705 
-706 
6385 
715 


136.7027 


R 
136.7116 


MT 


1733-728 


R 
189.112 
.003 
.032 
.064 


189.0527 


189.050 
035 
070 
Oe 


189.0572 


2397-529 
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Star Date Distance. Position-Angle. Temp. Star. Date. Distance. Position-Angle. Temp. 


R ° lA iy ° R ° / 41 ° 

19 1885 Oct. 10 127.279 203932023 48 22 1885 Jan. 9 163.301 320 47 50. 43-5 

y (9). Oct. 31 343 35 32. 31 (2). Jan. 10 324 WNgp DS 28 
Dec. 15 +305 BS e5r 26 : Jan. 18 302 46 38 25 
Dec. 19 185 34 41. 55 Dec. 20 .282 46 15 25 

W. 127.2780 293 34 6.7 35.0 W. 163:3022" 320-47 2-7) 30-4 


1885 Feb. 28 127.331 203 30m. 30 1885 Mar. 6 163.296 320 47 40 33 


Mar. 2 a2 BOs, 30 Apr. 1 “326 47 24. 46.5 

Mar. 4 +311 als 23) 36 Decr27 ys 48 24 25 

Mar. 23 a2 36 26. 15 1886 Jan. 14 272 47°13: II 
E. 127.3225 293 36_6.0 27.97 E. 163.2915 320 47 40.2 289 


R 
127.3002 


2070.873 


R 
20 1885 Jan. : 304013) Bs 40 23 1885 Jan. 9 151.697 
(2). Jan. 14 673 II 49 28 2. _Jan. 10 757 404. 28 
Jan. 18 666 12 45 25 Jan. 18 737 43k 25 
Dec. 20 -611 EO: 25 Dec. 20 709 41 43 a6 
W. E30.0402 9304 912 39.7 20.5" 1 W. 151-7250 321 41126:2° 304 


Apr. 130.662 204° 43 41. 46.5 1885 Feb. +28 > 151-732 221 40-4, 30 
Noe © *.650 13 S15, 52 Apr. eat 713 4O 47. 46.5 

1886 Jan. 11 607 12757 4.5 Decs 27 700 4O4 25 
Jan. 15 655 12 6 16 1886 Jan. 11 722 40 37 4.5" 
E. 130.6435 304 12 59.7 29.7 | E. [51.7167 321 40 35-5 26.5 

R R 
130.6448 151.7209 

Mean yy os Meer, ° Mean ” BF yy ° 

1656.7838 304 12 49.7 29.6 1924.072 321,41 24 3254 


R ° QD ihe ° R ° LIE, ° 
106.884 2RGu15 a5 48 24 1885 Oct. 25 85.221 286 55 26. 45-5 
954 12 31. 46 (8). Oct 31 249 LS fe) 31 
LOCC wars -gI2 yp 2 30 Dees 1s .188 So) PR 26 
Dec. 24 838 Ig 10. 31 Dec. 19 253 55 50. 35 
W. 106.8970 259 16 9.0 38.7 W. 85-2177 286 56 27.0 34.4 
1885 Feb. 5 106,825 250127 51 23 1885 Jan. 19 85.233 286 56 49. 19 
FeDe eG -Qo4 1S 1A. 7 Feb. 1 226 56 27 20 
Feb. 17 937 Une 5 Feb.*.12 183 55 59 26 
_ Mar. 14 852 16 21 23 Mar. 17 -256 56 42. 9 
E. 106.8795 259 17 21.7 14.5 E. 85.2245 286 56 29.2 18.5 
R R 
106.8882 85.2011 
Mean uy ° , dd ° Mean a ° iB ad B) 
1355-518 259 16 45.4 26.6 1080.491 286 56 28.1 26.4 
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Star. Date. Distance. Position-Angle. 5 Star. Date. Distance. Position-Angle. 


R ° ’ ” R o ’ 
7 25 1885 Oct. 82.458 286 24 3 : 28 1885 Sept. 148.950 202 55 
(9). Oct. 473 23 42. Sept. 846 54 
Dec; 354 23 54 Nov. 872 55 

Dec; 378 21 etss Nov. 876 54 


W. 82-4157 286 23)13.0 ; ° 148.8860 


1885 Jan. 82.399 200523537. i 148.853 
Feb. 457 23 30 : .940 
Feb. 444 23 37 : 815 
Mar. 410 DEY ee 923 


E. 82.4275 22030.5 ; 148.8827 


R : R 
82.4216 148.8843 

Mean ” Mean ” 
1045-242 1888.098 


| 26 1885 Jan. 9 
(2). Jan. 14 
Sept. 26 

Dec. 20 


79-104 ° c 122.094 
-099 ° .083 
ize : .082 


.TOI : : -I14 


79.1065 302 56 24.0 35.9 122.0932 


79.053 ; : S 1223182 
095 : 104 
wl Aw : 087 


.079 : , 093 
79.0872 : . 122.0990 


R 


R 
ones 122.0961 
Mean { es igs : 

( 1003.078 1548.380 


Star. Date. 


| 31 1885 Sept. 
Sept. 
Nov. 
Nov. 


GROUP OF THE PLEIADES. 


R 
204.7523 
Mean ” 


41.1352 
Mean ” 


Sept. 
Sept. 
Sept. 
Sept. 


W. 


1885 Dec. 
Dec. 


1886 Jan. 


Distance. Position-Angle. Star. Date. 
R 
204.680 34 1885 Oct. 26 
821 (i). Nov. 2 
795 Nov. 28 
764 Dec. 16 
204.7425 W. 
204.717 1885 Feb. 28 
757 Mar. 2 
815 Mar. 4 
.760 Mar. 21 
204.7622 E. 
Mean } 
2596.597 
R 
41.154 35 1885 Oct. 25 
+170 Co). Nov. 20 
BG fo) Dec 22s 
433 Dec. 19 
41.1567 Ww. 
41.14 1885 Jan. 26 
093 Jan. 29 
-108 Feb. 
-140 Mar. 23 
41.1137 E. 
Si 
Mean 
521.662 
36 1885 Oct. 26 
Nov. 28 
Dec. 16 
W. 
1885 Jan. 19 
Feb. 8 
Keb. 25 
Mar. 2 
E. 


Mean 


Distance. Position-Angle. Temp 
R ° , ” ° 
94-363 391 59 21 46 
270 19" 59 ae 38 
314 Ig2 I 42 a5 
163-191 54 38. 33 
94-2775 191 58 40.5 _ 3o5 
94-232 1QT $7 °35* G2 
Seg 54 39 32 
247 55 56. 36 
+203 55 23 IO 
94.2497 91 55 53-2 26.5 
R 
94.2636 
1195-417 1Qt 57 20.5) ~ 31.0 
R ° ’ ” ° 
15.030 295 36 9. 45.5 
14.987 20 29. 34 
14.948 13 50 26 
15.007 OR2E 35 
14-9939 295 19 57:2 35-2 
15.053 265 2327. 15 
OSE sie ea 7 
+005 37 18 16.5 
-O1l AAS) Life 15 
T5.0200)" 205 27°95.5, sau 
R 
15.0095 
199-345 295 23 37:9 24.2 
R ° ’ ” ° 
108.259 186 0 2 46 
+273 166 O° #3. 38 
.269 186 2 24 25 
325) 385069. 4) 7 138 
108.2815 186 © 923.2 35.5 
108.260 185 59 24. 18 
AQUI 186 3 48 16.5 
279 186 0 15 26 
+270 186 1 22 30 
108.2800 186 1 12.2 22.6 
R 
108.2807 
LS 7c yy, 186 0 47.7 2g.1 


39 1885 
(19). 


Distance. 


R 
14.290 
.289 
.226 
1212 


14.2542 


14.198 
=if9 
221 
200 
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Position-Angle. 


SVE i 43 
2825) 402s 
Sit 47 33 
BiGe IG TiC 


SLE 5452.0 
311 36. 


312 20 


SLE Be 
312 16. 


14-1995 


R 
14.2268 


180.419 


312 


Distance. 


R 
137.289 
317 
299 
ae 


137-2997 


137.287 
332 
-299 
328 


Position-Angle. 


° 


357 


9 
8 
8 
8 


” 


17 
8. 


137-3015 
R 
137-3056 
Mean " 
I741.251 


R 

156.656 
815 
695 
718 


156.7210 

156.760 
-730 
197, 
Ae, 

156.7572 


R 
156.7391 

Mean ” 
1987.710 


330 
301 
318 

54-3090 
R 
54-3937 
688.661 


Distance. 


R 
121.200 
-149 
.180 
.183 


.1780 


.192 
.100 
.211 
161 


GROUP OF THE PLEIAVES: 


Position-Angle. 
” 

40 

42. 


3 
36. 


121.1660 


R 


121.1720 
Mean ” 
15 36.661 


R 
52.006 
.003 
.004 


037 


52.0125 


51.991 
51.996 
51.992 
52.021 
5 2.0000 


R 


52.0062 
Mean ” 
659.524 


R 
140.918 
918 
-Ony 
984 


140.9342 


140.904 
.886 
887 
997 

140.8960 


R 
140.9151 


1787.036 


Distance. 


R 
160.073 
IIS 
.198 
“127 


Position-Angle. 
” 


37 
40. 
15 
= 


160.1282 


160.166 
BS te 
.096 
en) 


46.2 


z 
53: 
54 
27 


160.1557 


R 
160.1420 


” 


2030.865 


R 
253.849 
.866 
.880 
+925 


253-8800 


253-879 
.864 
864 
.870 


253-8692 


3219-547 


R 
18 4 PAS 


31 283 
2 .210 


15 -306 
77.2360 


77-256 
.284 
.320 
.276 


77.2840 


R 
77.2600 
Mean ” 
979-784 


48.7 


37 49 
43°27 
50 18 
males 


37 50 2.0 


° U w” 


37 49 14.2 


Mean } 


Mean , 


Mean 


Distance. 


42.3517 


R 
42-4002 


” 


537-708 


R 

202.012 
018 
.OAI 
+035 


202.0265 


202.057 
202.048 
202.011 


201.994 


202.0275 
R 
202.0270 


” 


2562.035 


94-7995 


” 


1202.100 
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Position-Angle. 


° , ” 


isan On20. 


Distance. 


R 
74-177 
179 
.II4 
129 


Position-Angle, 


74-1497 


74.127 
“2d 
“004 
-136 


74-1195 


R 
74-1346 


” 


940.149 


R 
117.952 
937 


979 
-916 


117.9460 


117.863 
.gO2 
-961 
.898 


117.9060 


R 
117.9260 
Mean " 
1495-495 


R 
109.706 
728 
691 
132 


109.7142 


109.730 
671 
-700 
.684 

109.6962 
R 


109.7052 
Mean ” 
1391-242 


50 GROUP (OF (THE PLEIADES. 


Star. Date. Distance. Position-Angle. é Distance. Position-Angle. 
R R Oy eee 
56 1885 Jan. 110.657 885 144.576 SOLS 7 ay 
(%). Jan. 612 : .602 38 309- 
Jan. .666 rs _ 570 37 
Dec. 658 : 517 36 


110.6482 ; : 144.5662 


110.572 : 144-555 

; 1023 525 

1886 Jan. .644 : : 566 
Jan. 598 552 


E. 110.6117 . 144.5495 


R R 
110.6300 144.5578 
Mean 


” 


1402.971 


R 
57 1885 Oct. 127.459 . 
(30). Nov. 543 ‘ : 465 
Wee: 483 6 418 
Dec: ait : ; 441 


Wes 127.4990 . 132.4467 


Jan. 127.474 : 132.428 
Jan. 472 . -499 
Feb. 2550 2 : 409 
Mar. 481 ; , 496 


E. 127.4942 


R 
127.4966 

Mean " 
1616.866 


R wr 
142.558 ; 200.104 16 
528 . . 216 50. 
-546 . 077 0) 
APR : ; 247 eye 


142.5382 : 200.1610 48.2 


142.563 5 200.164 30 4I 
482 ; . 29 27 55. 
560 - -045 27 520% 
584 . Rants 29 3 


—e ee ee——————— 


142.5472 : : 200.1352 4I 28 44.7 
R R 


142.5427 200.1481 
Mean ” Mean " ° " 


1807.677 25 38.206 41 28 46.5 


MEASURES FROM ALCYONE. 5! 


Mean ” oe ft 
2324.709 126 55 39-7 


R ro) , ” 


63 1885 Oct. 18 153.077 74 30 6 
Co): Oct. 26 045 23 39- 
(Bish .066 200rr 

Dec: .24 .042 2773 
W. 153-0575 74.26 44.2 


1885 Feb. 28 153.050 74 29 44. 
Mar. 2 -O41 28 58 
Mar. 4 3023 27 41 
Mar. 21 .060 26 36. 

E. 153.0432 74 27 44.7 
R 


153.0503 
Mean ” oO , 
19 40.930 ie Bip widigs 


R fe} , ” 

; 160.536 750360 

. -430 77 58 39: 
Wecames4 411 cies ) Yj 
Dec. 24 -483 Ue SieALe 


Distance. Position-Angle. ‘Temp. i Star. Date. Distance. Position-Angle. Temp. 
R re} , tie fe) , ” 
62 1885 Oct. 25 183.314 126 56 34 45.5 65 1885 Oct. 18 1 ; ; 7 
73-540 65 55-32 . 54 
(34). Nov. 27 294 55.18 27.5 (37). Oct 31 .529 55 32. 31 
Dec >\2 +329 55 9 29 Deca 3 526 54 4 30 
Dec. 19 +240 56 38. 35 Dec. 24 -523 54 43. 31 
W. 183.2942 126 55 54.7 34.2 W. 17 3:52 0" MOS 549577 ee ure 
1305 Feb. 19° - 183-314 P2675 544. iP 1885 Jan. 26 173.530 G5: 53054 15 
Feb. 22 368 55 10. 16 jan. 3 541 54.0 As 
Feb. 28 -313 55 47 30 Feb. 28 502 53538 30 
Mar. 17 BSL 55 41 9 Mar. 14 559 54 36 23 
E. 183.3315 126 55 24.7 15.0 E. 173-5330 65 53 55:7 23-2 
R R 
183.3128 173.5300 


° Mean ” eo ” ra 
2200.647 65 54 26.7 


R 
176.728 113 45 38: 


54 66 1885 Oct. 25 45-5 
46 Sede Nov. 27 679 44.45 27.5 
30 Deemer .720 44 13 26 
31 Dec. 19 -690 44 58. a6 
40.2 W. 176.7042,)) ViZ644054.505 acais 


30 1885 Feb. 19 176.700 113 45 26. 5 
30 Feb. 22 Hy 44 15. 16 
36 Feb. 28 718 45 13 30 
10 Mar. 26 689 45 20 34 
26.5 E 170.7060 T5345 93.55 | 2302 
R 
176.7051 

° Mean ” fo) ’ ” ° 

33-4 2240.912 113 44 58.5 27.4 


160.4650 Hep Se) ye: 


160.440 


Feb. 1 470 77 59 14 
Feb. 5 472 75 0 35 
Mar. 23 “444 bam ay 


E. 160.4565 77 59 34:2 


Mean ” as ” 


2034-905 @ 77 59 25:7 


oO R Oo , ” ° 
54 67 1885 Sept. 20 239.902 47 51 46 49.5 
46 Sept. 24 240.072 53 49. 50 
30 Sept. 25 239.928 525.9 50 
31 Sept. 26 239.964 5322. 56 
40.2 W. 239.9665 47 52 46.5 5-4 


239-919 25 
20 Dec. 29 239-935 Bin 40. 23 
23 1886 Jan. 5 239.912 5326 34-5 
15 Jan. 15 240.045 (see de! 16 
18.2 E 239-9677 4753 20:7 271 


’ ” ° 


47 53 6.6 39.2 


6 Mean ” 
29.2 3043-178 
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Star. Date. Distance. Position-Angle. Distance. Position-Angle. 


R R 
AOD BAG 223-426 

383 AI2 6 27 

363 .460 4 

398 +421 22. 


223-4297 


768 1885 Oct. 18 
(39). Ogi gu 
Decsme2 
Dee, Bal 


W. 


222.3802 


‘ 223.409 
BAe y 
-429 
-408 


1885 Feb. 
Feb. 
Mar. 
Mar. 


222.270 
361 


372 
372 


E. 222.3710 


R 
222.3756 
Mean ” 
2820.089 


223.4157 


R 


223.4227 
Mean ” 
2833-308 


The absolute place adopted for Alcyone is for 1885.0: — 


° ’ ” ° , ” 


ee) ms s. 
R.A. 3 40 38.931=55 9 43.96 Decl. +23 44 54-71, 


which is not very different from those deduced by Auwers in Pubhékation XIV. der Astr. 
Gesellschaft and NEwcoms in the Catalogue of 1098 Standard Clock and Zodiacal Stars, 
which are 


Auwers, R.A.55 9 43.98 Decl. +23 44 54-94 
Newcomb, 55 9 43-90 23 44 54.74. 


Using this adopted place of y, we get the following table of differences of right*ascension and 
declination, and absolute places of the sixty-eight stars : — 


Bessel’s No. Distance. Pos.-Angle. Aa Ad 


Ih // / 


COnr An BW DN Hw 


3237-058 
3284.708 
2542.143 
2715.964 
2298.789 
2143-403 
203 2.064 
2440.675 
3256.256 
2201323 
3421.970 
3288.248 
1702222 
2029.364 
1558.248 


286 
299 
Di 
291 
286 
270 
285 
233 
323 
304 
328 
328 
260 
308 
266 


51 

6 
38 
59 
12 
12 
43 

6 
40 
20 
39 
fe) 
DA 
51 
32 


— 3388.67 
— 3140.79 
— 2776.39 
— 2754.22 
— 2413.38 
= 2241.76 
— 2138.23 
— 2134.70 
— 2113.40 
— 2057.14 
= 1059-05 
— OO O.O1 

1835.85 

1728.71 

1699.13 


+ 938.69 
LO 7. O2 
+ 72-95 
+ 1017.29 
+ 641.39 
+ 8.08 
+ 550.72 
— 1468.49 
+ 2623.40 
+ 1284.70 
See O2 2b 
+ 2794.07 
268.74 
+ 1273.34 
94.02 


Bessel’s No. 


Distance. 


MEASURES FROM ALCYONE. 


Pos.-Angle. 


Anon. 
Anon. 
Anon. 
c 
Anon. 
k 
Z 
Anon. 
Anon. 
a 
Anon. 


Anon. 
Anon. 


Anon. 


Anon. 
Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
Anon. 
Anon. 
Anon. 
Anon. 
Ul 
Anon. 
Anon. 


Anon. 


Anon. 
Anon. 


‘t 
3232.364 
1733 728 
aS I= 
1614.3 76 


* 1656.788 


1355-518 
2070.873 
1924.072 
1080.491 
1045.242 
1106.760 
1003.078 
1888.098 
680.748 
1548.380 
2590.597 
521.662 
670.096 
1195.417 
190.345 
1373-177 
180.419 
116.818 
1091.948 
741.251 
1987.710 
688.661 
1536.661 


659.524 
1787.036 
2030.865 
52102544 

979-784 

537-708 
2562.035 
1202.100 

940.149 
1495-495 
1391.242 
1402.971 
1616.866 
1807.677 
1833.230 
1679.843 
2538.206 
2324.709 
1940.930 
2034-905 
2200.647 
2240.912 
3043-178 
2820.089 
2833.368 


ie} 


332 


7 


34 
fo) 


tI 
18.1 
44.7 
36.8 
6.4 
49-7 
45-4 


+++++4+4+44+ 


+ 2196.91 
+ 2238.74 
+ 2471.67 
+ 2661.33 
+ 3047-46 


+ 


b++l ++i +i +i ++] 1) +1++++! 


ae 


ptt] ttt) +++ + 


[+t] ++ 


LA 


2869.00 


2454-25 
873-44 
282.76 
879.20 
‘172.25 
128.13 
771-54 
1062.61 
1008.81 

529.68 
Igo1.61 
1396.72 

520.20 

423.42 

898.34 

902.51 
2040.84 
1427.25 
488.92 
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MW HOUWUUMW WOMOOny TATYANA WN 


iS) 
° 


N NN #4 
ARWwO 


w 
H 


re 


54 GROUP OF THE PLEIADES. 


§ 9. Measures or DisTANCES OF THE PLEIADES STARS FROM THE Four STARS OF THE 
FUNDAMENTAL QUADRILATERAL. 


Turse Measures are presented on the following pages fully reduced, that is corrected for 
run, division error, refraction, aberration, and with the reduction for each instrumental period 
applied as deduced in § 4. There are in general three observations of each distance; I regret 
much that, as before stated, it was not practicable to secure two observations on each side of 
the meridian, which would have made the work more symmetrical and comparable to the other 
determination from the polar co-ordinates from Alcyone. | 


Distances from the Four Stars of the Quadrilateral. 


Star. Date. a B Y ) Temp. 
R R R R ° 
deer ss4, OC) 6/9 74.042 332-587 404.166 477-701 59 
Nov. 15 .079 599 158 Sufi 46 
1885 Jan. 12 O71 651 “128 -764 33 
1 ae 332.6123 404.1513 477-7463 46.0 

Mean ” " ” " 

939-25 4218.07 5125.30 6058.61 
R R R R ae 
2 1884 Oct. 9 91.818 291.793 428.019 475-490 59 
Nov. 21 833 OF .032 .498 27-5 
1So5) Jat. “13 827 841 .004 505 28 
91.8260 291.8003 428.0183 475-4977 41.5 

Mean ” ” w” ” 

1164.50 3700.51 5427.98 6030.10 
R R R R ° 
3 1884 Oct. 13 51.837 341.617 326.678 422.886 56.5 
Dec 0 824 575 647 -890 38.5 
1885 Jan. 12 .848 589 -704 «864 23 
ae 341.5937 326.6763 422.8800 42.7 

Mean ” ” ” ” 

657-37 4331-97 4142.79 5362.81 
R R R R ° 
4 1884 Oct. 13 38.480 291.358 375-533 435-077 56.5 
Noy. 24 469 321 487 eae) 3355 
1885 Jan. 12 -469 -294 537 .040 ky 
38.4727 291.3243 375-5190 435-0787 41.0 

Mean ” ” ” ” 

487.90 3694.47 4762.20 5517.51 
: R R R R ° 
ie 1884 Apr 1 50.175 324.605 299.013 391.120 43 
; Oct 15 .180 O11 .037 108 41.5 
Deca 199 612 .038 E37 Si.5 
50.1847 324.6093 299.02 : 8. 
Mean ” ” a = oy sa os : uf : : 


636.42 4116.58 3792.18 4960.07 


Star. 


(m2). 


10 
(e). 


11 


12 


13 
(1). 


1884 


1884 


1884 


1884 


1884 


1885 


1884 
1885 


1884 


Date. 


Mar. 
Sept. 
Nov. 


Mar. 
Sept. 
Nov. 


Mar. 
Oct. 
Dec. 


Apr. 
Oct. 
Dec. 


Oct. 


Novy. 


Jan. 


Oct 


Nov. 


Jan. 


Mar. 
Sept. 
Nov. 


MEASURES FROM THE QUADRILATERAL. 


a 


B 


R 
282.702 


654 
-691 


282.6823 


414.0493 


5250.83 


R 
194-736 
738 
-702 


50 
41.5 
36.5 


eee ee ee 


R 
3 21.072 
13 019 
6 .083 
21.0580 
Mean " 
267.05 
R 
4 167.557 
20 581 
6 -626 
167.5880 
Mean ” 
2125.20 
R 
29 157-795 
15 -788 
be) -768 
157-7837 
Mean " 
2000.96 
R 
6 56.803 
18 838 
nt .820 
56.8203 
Mean ” 
720.58 
R 
6 182.944 
II 991 
14 898 
182.9443 
Mean ” 
2320.04 
R 
6 173-649 
12 715 
2 726 
173-6967 
Mean ” 
2202.76 
R 
I 83.018 
17 82.973 
7 82.974 


1052.43 


194-7253 


” 


2469.44 


R 
238.695 

-663 

-674 


238.6773 
3026.82 


R 
179-101 
.098 
.098 


179-0990 


Dagan? 


R 
177.012 
.004 
.066 


177-0273 


2245.00 


R 
321.075 
079 
:079 


321.0777 
4071-79 


y 8 
R R 
318.305 383-154 
347 141 
-266 “27 
318.3060 383.1407 
4036.65 4858.85 
R R 
226.505 382.662 
592 -726 
“BLS 687 
226.5373 382.6917 
2872.87 4853.16 
R R 
452.282 445.348 
286 382 
-296 333 
452.2880 445-3543 
5735-76 5647.82 
R R 
359-987 393-791 
359-988 -784 
360.050 -800 
360.0083 393-7917 
4565-50 4993-93 
R R 
468.201 449-233 
-I40 -286 
-169 212 
468.1700 449-2437 
5937-17 5697-15 
R R 
457-493 440-323 
423 +330 
428 -417 
457-4180 440.3567 
5800.81 5584-45 
R R 
257-174 353-218 
227 +204 
207 +200 
257-2027 353+20973 
3261.75 4479-25 


42.7 


5) 


56 


Star. 


14 
2). 


15 


(3). 


16 


17 
(4). 


18 
(5). 


19 
(6). 


20 
(c). 


1884 


1834 


1884 


1885 


1884 


1884 


1884 


1884 
1885 


Date. 


Mar. 
Oct. 
Nov. 


Mar. 


Sept. 


Nov. 


Sept. 


Nov. 
Jan.: 


Mar. 


Sept. 


Nov. 


Mar. 


Sept. 
Nov. 


Mar. 


Sept. 


Nov. 


GROUP OF THE PLEIADES: 
a B y ry Temp. 
R R R R ° 
I 70.104 221.427 346.250 371.450 14.5 
9 101 368 2s 427 46.5 
9 158 383 189 386 38 
70.1210 221.3927 346.2207 371-4210 33-0 
Mean ” ” ” ” 
889.25 2807.61 4390.65 4710.23 
R R R R ° 
22 77-544 304.231 259.605 344-235 47 
17 583 219 584 -199 69.5 
8 544 242 506 197 SH 
77.5570 304.2307 259-5650 344.2103' Sines 
Mean " " ” ” 
983-55 3858.16 3291.71 4365.15 
R R R R c 
26 184.458 157-029 454-995 428.413 61 
12 363 .025 454-930 367 46.5 
21 3372 053 455-017 422 ry 
, 184.3977 157-0357 454-9807 428.4007 41.5 
Mean ” ” ” ” 
2338-47 1991-47 5769.90 5432.83 
R R R R ° 
I 55.013 244.930 313-763 355-786 14.5 
13 54-980 O17 739 -800 47-5 
7 55-032 -QI2 739 838 41 
} 55-0083 244.9197 313-7470 355.8080 34:3 
Mean ” ” ” ” 
697.60 3105.98 3978.83 4512.23 
R R R R ° 
16 110.987 187.923 383.847 386.070 33.5 
21 II1.071 894 -820 -080 56 
8 110.968 947 e785 .066 a5 
111.0087 187.9213 383.8073 386.0720 42.2 
Mean ” ” ” ” 
1407.78 2383.15 4867.31 4896.03 
R R R R ° 
4 57-247 252.768 300.617 348.373 16 
15 PAGE -781 .617 349 62 
9 +310 aff i02 587 aut 38 
57-2763 252.7540 300.6070 348.3510 35.4 
Mean " ” ” ” 
726.36 3205.34 3812.19 4417.66 
R R R R ° 
31 69.722 229.730 314.503 346.540 ar 
2 761 -731 549 -512 31.5 
2 785 707 503 567 15.5 
69.7560 229.7227 314.5183 346.5397 27-5 
Mean ” ” " : 
884.62 2913.26 3988.61 4394-69 


Star. 


21 
(7). 


22 
(2). 


23 
0. 


24 
(8). 


25 
9). 


26 
(a). 


27 
(10). 


1884 


1884 


1884 


1884 


1885 


1884 
1885 


1884 


1884 


Date. 


Mar. 
Sept. 
Nov. 


Mar. 
Sept. 
Nov. 


Mar. 
Sept. 
Nov. 


Sept. 
Nov. 


Jan. 


Sept. 
Nov. 


Jan. 


Apr. 
Oct. 


Nov. 


Mar. 
Sept. 
Noy. 


MEASURES FROM THE QUADRILATERAL. 
g B ey, ) Temp. 
R R R R S 
3 98.746 306.211 238.365 325.763 15-5 
15 -709 -218 364 748 62 
6 712 -259 397 785 34 
98.7223 306.2293 238. .76 : 
on. } : s 38.3753 325-7653 37.2 
1251.96 3883.49 3022.99 4131.24 
R R R R ° 
10 103.695 188.091 358.464 362.751 31 
29 -689 075 -440 ‘747 70 
3 705 061 -463 735 51 
ee 188.0760 358.4557 362.7443 50.7 
Mean ” ” ” " 
1315.04 2385.11 4545.81 4600.19 
R R R R. ° 
10 105.113 186.521 347.423 351.209 31 
21 37 565 -707 R232 56 
13 143 555 -688 .170 47-5 
105.1310 186.5470 347-7060 351.2037 44.8 
Mean ” ” ” ” 
1333-23 2305.72 4409.48 4453.84 
R R R R ° 
12 96.050 255-730 259.218 308.166 65 
10 95-977 -767 PDE: 172 46.5 
12 96.082 782 232 “az 33 
96.0363 255-7597 259.2240 308.1537 48.2 
Mean ” wu” ” ” 
1217.90 3243-45 3287.39 3907.89 
R R R R ° 
12m 98.869 256.060 256.614 305.483 65 
10 SOG) .045 546 .410 46.5 
12 793 -037 .608 473 33 
98.7963 256.0473 256.5893 305-4553 48.2 
Mean ” ” ” ” 
1252.90 3247.10 3253.98 3873.67 
R R ee oe R ° 
4) 138.215 316.916 199.058 294.933 41.5 
9 214 879 .082 -937 46.5 
21 .189 925 .064 -937 37-5 
( 138.2060 316.9067 199.0680 294.9357 41.8 
Mean ” ” " ” 
1752.68 4018.90 2524.51 3740.27 
R R R R ° 
12 107.259 234.048 266.643 298.155 44.5 
17 258 .006 641 .144 69.5 
6 239 .000 594 .166 34 
107.2503 234.0180 266.6260 298.1550 49-3 
Mean ” ” ” ” 
1360.11 2967.73 3381.26 3781.10 


58 


Star. 


28 


29 


(11). 


30 
(12). 


31 


82 
(13). 


33 


34 
(14), 


1884 


1884 


1884 


1884 


1884 


1884 


1884 


Date. 


Mar. 


Sept. 


Noy. 


Mar. 
Sept. 
Nov. 


Mar. 


Sept. 


Noy. 


Sept. 


Nov. 
Dec. 


Mar. 
Sept. 
Nov. 


Sept. 
Nov. 
Dec. 


Mar. 
Sept. 
Noy. 


GROUP..OF THE-PLEIADES. 


a B y ) Temp. 
R R R R ° 
18 220.895 399.870 129.194 295-511 3555 
25 925 .840 .128 453 64 
6 -QOI .848 .184 -392 34 
220.9070 399-8527 129.1687 295-4520 44.5 
Mean ” ” ” ” 
2801.46 5070.79 1638.07 3746.82 
R R R R ° 
16 131.038 268.239 222.618 276.366 33:5 
20 131.031 .220 593 338 58 
12 130.951 .200 .605 371 46.5 
131.0067 268.2197 222.6053 276.3583 46.0 
Mean 2 5% re on 
1661.38 3401.47 2823.00 3504.68 
R R R R ° 
22 155-725 151.296 324.110 297.181 47 
29 O02 301 074 .148 70 
13 -748 +303 095 +174 47-5 
155-7250 151.3000 324.0930 297.1677 54.8 
Mean ” ” ” " 
1974.85 1918.73 4110.03 3768.57 
R R R R ° 
2 209.455 83.091 405.643 346.611 65.5 
9 .460 .047 671 .658 38 
13 442 053 -738 633 2255 
209.4522 83.0637 405.6840 346.6340 42.0 
Mean ” ” ” ” 
2656.20 1053.38 5144-74 4395-89 
R R R R ° 
16 168.884 289.737 182.823 246.833 33.5 
25 875 -732 835 837 64 
8 883 755 819 816 37 
168.8807 289.7413 182.8257 246.8287 44.8 
Mean " ” ” ” 
2141.68 3674.40 2316.53 3130.19 
R R R R ° 
I 152.935 210.933 254.588 256.168 63.5 
9 -983 979 523 -165 38 
13 -939 -940 573 -236 22.5 
152.9522 210.9507 254.5613 256.1897 41.3 
Mean ” ” ” " 
1939.68 2675.20 3228.26 3248.91 
R R R R ° 
24 210.669 348.090 127.588 245.835 48 
26 665 347.996 601 “703 61 
14 .627 348.109 546 55 46 
eee 348.0650 124.8783 (245.7843 51.7 
Mean ” ” ” ” 
2671.44 4414.04 1617.90 3116.95 


Star. 


35 


(15). 


36 
(17). 


37 


(28). 


38 
(2). 


39 
(19). 


40 
(20). 


41 
(21). 


1884 


1884 


1884 


1884 


1884 


1884 


1884 


Date. 


Mar. 


Sept. 


Nov. 


Mar. 
Sept. 
Sept. 


Sept. 
Nov. 


Dec. 


Mar. 
Oct. 


Nov. 


Mar. 
Oct. 


Nov. 


Mar. 


Sept. 


Nov. 


Mar. 


Sept. 
Nov. 


MEASURES FROM THE QUADRILATERAL. 


a B Y ) Temp 
R R R R ° 
21 166.439 249-979 212.403 237-932 41 
25 “454 988 -387 929 64 
Il 434 re -432 972 47 
166.4422 249. 212. d ; 
Mean ; 99597 4°73 237-9443 50-7 
2110.76 3169.90 2693-68 3017.52 
R R R R ° 
29 227.201 362.091 110.398 241.789 50 
26 +223 064 396 813 61 
29 212 095 .396 .820 7° 
ee 362.0833 110.3967 241.8073 60.3 
Mean W ” " ” 
2881.42 4591.81 1400.01 3066.51 
R R R R ° 
2I 168.5 23 246.298 214.319 235-572 56 
ate) .500 Biiig- Le 585 46.5 
: SS OP: oes 2h SS 
168.5210 246.3127 214.3303 235-5937 46.0 
Mean ” ” ” " 
2137-12 3123.65 2718.06 2987.72 
R R R R ° 
te) 172.065 262.327 207.622 232.518 31 
7 016 312 599 531 59 
13 .002 Poa2 607 +507 47-5 
172.0277 252.3237 207.6093 232.5187 45:8 
Mean ” ” ” ” 
2181.60 3199.88 2632.83 2948.72 
R R R R ° 
18 215.087 339-885 126.378 233.061 26.5 
7 116 840 355 .070 59 
II .062 878 362 .O74 47 
215.0883 339-8677 126.3650 233.0683 47.2 
Mean w” ” u” ” 
2727.67 4310.08 1602.52 2955-69 
R R R R ae 
29 188.065 122.339 336.961 286.666 50 
20 072 -400 948 642 58 
12 039 e357. -956 618 46.5 
188.0587 122.3653 336.9550 286.6420 51.5 
Mean ” ” ” ” 
2384.89 1551-79 4273-14 3635-09 
R R R R ° 
31 200.013 103.324 355-701 296.983 35:5 
21 -029 +319 743 -948 56 
20 .008 -296 -762 948 21.5 
eee ee ee Se eee 
200.0167 103.3130 355-7353 296.9597 41.0 
Mean ” ” ” v 
2536.54 1310.18 4511.31 3765-94 
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Star. 


42 


(22). 


43 
(23), 


44 


(24). 


45 
(n). 


46 
(25). 


47 
(26). 


49 
(27). 


1884 
1885 


1884 


18384 


1884 


1886 


1834 
1885 


1884 
1885 


1884 


Date. 


Sept. 
Nov. 
Mar. 


Sept. 
Nov. 


Dec. 


Mar. 


Oct. 


Nov. 


Mar. 


Oct. 


Nov. 


Jan. 


Sept. 


Nov. 
Jan. 


Sept. 


Nov. 
Jan. 


Sept. 


Nov. 
Dec. 


GROUP "OF THEPLETADES. 


a ) Temp. 
R R R R ° 
I 199-438 308.082 152.794 225.258 63.5 
21 409 .087 754 -265 27,5 
12 -401 .072 .806 245 17 
199.4160 308.0803 152.7847 225.2560 39:3 
Mean ” fi bh 6 
2528.92 3906.96 1937-56 2856.62 
R R R R ° 
3 243.859 374.262 93-533 236.523 70 
Is 876 .260 538 557 46 
15 -917 254 579 +520 35°5 
243-8840 374-2587 93-5500 236.5333 50-5 
Mean ” ” ” ” 
3092.85 4746.21 1186.37 2999-63 
R R R R ¢ 
18 173.344 202.564 252.343 237-965 35-5 
805 605 2354 931 64.5 
26 .838 -589 a3 24 -909 35-5 
173.8290 202.5800 252.3270 237-9350 45-2 
Mean ” ” ” ” 
2204.44 2569.12 3199-92 3017.41 
R R R R ° 
25 181.291 253.876 202.051 223-408 47 
15 278 .882 .030 -4.00 41.5 
3 264 .848 -039 +410 51 
17 -246 862 -056 392 26.5 
181.2697 253-8670 202.0440 223.4025 41.5 
Mean ” " ” ” 
2298.80 3219-45 2562.25 2833.11 
R R R R ° 
5 265.345 392.620 73-743 234-301 75 
15 302 643 29 267 46 
9 .308 657 788 .2'70 44 
ee 392-6400 71.7033 234.2793 55:0 
Mean ” ” ” ” 
3364.67 4979-32 909-95 2971.05 
R R R R ° 
3 283.359 410.932 54-233 237-656 7° 
14 426 410.996 “198 588 46 
10 398 411.014 -196 676 19.5 
283.3943 410.9807 54.2073 237.6400 45.2 
Mean ” ” ” ” 
3593-94 5211.91 687.44 3013.67 
R R R R ° 
3 221.528 190.191 254-759 199.140 70 
14 .467 -168 -786 180 46 
15 “457 TIT 749 si 2 35-5 
221.4840 190.156 254.76 199.1 5 
Mean ” e : ts a oe ihe se? 
2808.78 2411.50 3230.84 2525.81 


Star. 


50 


52 
(29). 


53 


54 
(s). 


55 
UV) 


56 
(A). 


57 


(30). 


18384 


1884 


1885 


1884 


1885 


1884 


1884 


1884 


1884 
1885 


Date. 


Sept. 
Nov. 
Dec. 


Sept. 
Nov. 


Jan. 


Sept. 
Nov. 
Dec. 


Jan. 


Mar. 


Oct. 


Nov. 


Apr. 
Oct. 


Dec. 


Apr. 
Oct. 
Dec. 


MEASURES FROM THE QUADRILATERAL. 
a B Y Temp. 
R R R R < 
3 218.682 240.116 205.137 185.700 70 
ae 661 .096 145 .680 37.5 
: eee 150 053 599 35 
ae ieee 240.1207 205.1117 185.6597 47-5 
ole 09/ 3045.12 2601.16 2354.47 
R R R ° 
Se. 239.705 184.039 262.511 188.374 75 
15 .668 .039 510 338 46 
9 ___ :690 057 495 399 44 
eo 184.0450 262.5053 188.3703 55.0 
Mean " ” ” ” 
( 3039.63 2333-99 3329.00 2388.85 
R R R R ° 
2 246.329 230.950 216.257 161.099 65.5 
24 ORS 230.940 .214 228 3355 
‘16 374 231.008 178 105 35 
2 356 230.906 .209 222 5 
246.3235 230.9660 216.2145 161.1635 34.7 
Mean ” ” ” ” 
3123.79 2929.03 2741.96 2043.82 
R R R R ° 
3 295.009 325.283 129.784 128.537 15.5 
9 .025 eoei .782 549 46.5 
8 .020 293 -790 549 37 
295.0180 325.3010 129.7853 128.5450 33-0 
Mean ” ” " ” 
3741.31 4125.35 1645.89 1630.16 
R R R ° 
II 290.064 273.704 187.072 113.968 ATs 
18 O41 775 055 943 45 
II 044 -668 ety 947 40 
290.0497 273.7157 187.0813 113-0527 44.2 
Mean ” ” ” 
3678.31 3471.17 2372.50 1445.10 
R R R R = 
12 286.998 251.308 210.277 120.162 47 
18 .989 .260 300 097 45 
15 O71 247 R223) -160 41.5 
286.9860 255.2717 210.3000 120.1397 44.5 
Mean ” ” ” ” 
3639.46 3186.54 2666.95 1523.57 
R R R R ° 
4 307.158 320.341 143.417 110.423 76 
I .038 351 364 415 22,8 
2 093 390 -350 430 5 
307.0963 320.3607 143-3770 110.4227 38.2 
Mean ” i tt ye 
3894.48 4062.70 1818.26 1400.34 
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Star. Date. a Y 5 Temp. 
R R R R ° 
58 1884 Sept. 6 290.971 184.031 283.252 160.811 76.5 
(31). Octi3 291.042 183.950 261 .876 56.5 
T5o5m, | aa es 290.973 183.979 267 855 14.5 
290.9953 183.9867 283.2600 160.8473 49.2 
Mean ” ” ” ” 
3690.30 2333-25 3592.20 2039.81 
R R R R ° 
59 1884 Sept. 6 295.929 190.131 280.291 154.055 76.5 
(32). Ochs 13 922 118 +232 20'S 56.5 
1885 Jan. 3 931 -I41 283 sikh 14.5 
295.9273 190.1300 280.2687 154.0877 49.2 
Mean ” ” ” ” 
3752.84 2411.16 3554-27 1954.09 
R R R R ° 
60 1884 Sept. 5 299.757 226.656 244.929 123.739 af 
(32). Nov. 24 748 641 895 -759 33-5 
1885 Jan. 10 +739 648 .948 -746 19.5 
299.7480 226.6483 244.9240 123.7473 42.7 
Mean ” ” ” ” 
3801.30 2874.27 3106.05 1569.32 
R R R R ° 
61 1884 Sept. 25 321.896 137.992 351-594 207.570 64 
Nov. 10 -992 137.996 BL 561 46.5 
#3885 Mar: 55 894 138.028 585 .609 31 
eee 138.0053 351.5767 207.5800 47.2 
Mean ” ” ” ” 
4082.57 1750.13 4458.57 2632.46 
R R R R ° 
62 1884 Mar. 25 358.740 376.921 121.878 102.811 47 
i Sept. 20 .796 850 873 .850 58 
Nov. 11 -789 864 818 .842 47 
‘ eos 376.8783 121.8563 102.8343 50.7 
Mean " ” ” z 
4549.86 4779-44 1545-34 1304.11 
R R R R ° 
63 1884 Sept. 4 321.551 236.463 251.152 107.532 76 
ee eae IN BY oh ye) 422 435 .269 649 36.5 
1885 Jan. 10 558 .489 .168 .501 19.5 
321.5103 236.4623 251.1963 107.5607 44.0 
Mean ” ” ” “” 
4077.28 2998.71 3185.58 1364.05 
R R R R ° 
64 1884 Sept. 4 331-149 247.641 247.758 95.580 76 
26) Dec... fo .178 605 774 584 36.5 
1885 Jan. 10 330 654 777 555 19.5 
ee 247.6333 247-7697 95-5730 44.0 
Mean ” ” ” ” 
4200.40 3140.40 3142.12 1212.02 
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Star. Date. a B y Cy Temp 
R R R R ° 
Ls 1884 Sept. 13 332-837 216.280 282.996 125.374 47-5 
) Nov. 20 817 “258 953 328 31-5 
1835 Dec. 15 802 298 979 .426 35:5 
Pc 216.2777 282.9760 125.3 60 38.2 
Mean ” ” ” ” 
4220.69 2742.76 3588.60 1589.97 
R R R R o 
oe 1884 Mar. 24 357-262 344.781 160.672 66.933 48 
(38). OCtie, 46 .220 801 .686 .925 64.5 
Dec —9 204 794 -699 .967 38.5 
ee 344-7920 160.6857 66.9417 50.3 
Mean ” ” ” ” 
4530.25 4372-53 2037.76 $48.93 
R R R R ° 
67 1884 Sept. 4 368.488 165.822 374.463 203-754 76 
Nov. 14 544 877 .460 702 46 
Dec. 15 450 .800 480 .746 3555 
368.4940 165.8330 374-4677 203-7340 52-5 
Mean ” ” ” ” 
4673-11 2103.04 4748.87 2583.68 
R R R R ° 
68 1884 Sept. 5 370.705 206.287 334-328 153.620 75 
39). Nov. 26 661 .295 271 647 25o8 
1885 Jan. 2 662 329 292 634 5 
ee 206.3037 334.2970 153.6337 38-5 
Mean ” " ” ” 
4700.79 2616.27 4239-44 1948.33 


§ 10. REDUCTION OF THE MEASURES FROM THE FouR STARS OF THE QUADRILATERAL. 


For the reduction of these measures it is of the first importance to ascertain as accurately 
as possible the relative positions of the four stars a, 8, y, and 6, forming the Quadrilateral, and 
for this purpose I have taken all the available material, which falls into three independent 
determinations. 

In the first place, we have the measures of distance and position-angle of a, B, y, and 4, 
from 7 given in § 8 which furnish the relative co-ordinates as follows : — 


Aa Ads 
a — 2413.38 + 641.39 
B + 530.74 + 3182.94 
y + 801.28 — 2454.25 
ny + 3047.46 — 488.92. 


Secondly, I have measured all the six distances and position-angles of the Quadrilateral on 
twelve nights, the same as those on which the zones for distance and position-angle were taken. 
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These lead to the following results and means when corrected for the outstanding deviation 
from the adopted standards : — 


a 
849.000 for the sum of the distance of a8 and By 


° ” 


290 F3, 570. “ _ position-angles of a8 and By. 


Measures of Distances of Quadrilateral. 


ad a B ay BS ys By 
. R R R R R R 
1884 Feb. 29 404.051 291.481 337.084 341.465 224.077 444.924 
Mar. 15 O41 451 049 507 662 941 
Se 042 466 iia 524 699 928 
Sept. 15 OSI 467 085 526 677 955 
Oct. 5 043 481 126 514 685 971 
Oct. 19 073 427 098 523 631 972 
Noy. 20 116 434 og! 509 672 945 
Dec. 9 076 418 102 516 648 g60 
1885 Jan. 2 O71 465 058 480 635 955 
Jan. 14 053 452 033 473 707 942 
IDG, BY 063 416 054 481 606 909 
Dec. 30 084 433 093 494 654 ggt 
Means, a 404.0637 291.4492 337.0837 341.5010 224.6628 444.9494 
Corr. to 349.0, —0.0063 — 0.0045 — 0.0052 — 0.0053 — 0.0035 — 0.0068 
{ 404.0574 291.4447 337-0785 341.4957 | 224.6593 444.9426 
Corr. Means, ” " ” ” ” ” 
( 5124.12 3696.00 4274.71 4339.73 2849.05 5642.61 


Measures of Posittion-Angles of Quadrilateral. 


ad af ay B8 YA) By 

fe} ’ ” ° Uy ” fe} ‘ ” fo} , ” fe} , ” ° , ur 

1884 Oct. 19 HOA AVA 4) A Ons /marA 136 24 0 147 59 28 46 23 0 1770 20ntS 

Oct 520 A535 33 10 24 29 BO ILE 2o525 28 32 

OGin 45 26 23520 24 29 5oesG BR @ 29 29 

Noy. 2 44 0 Be 24. 5 58 43 21 4I 2002 

1885 Mar. 8 44.0 QR By 23 49 58 16 wo (eit 29 55 

Mar. 10 45 10 32 45 24 8 58 27 21 58 AG) 5 

Mar. 17 44 27 Bl DG Ayah i 58 50 DR BE 28 57 

Mar. 18-21 Ae 3 BR Be 24 24 58 23 Ojey BO) 29 24 

Weer 627 45 51 33 18 25 30 58 48 22 15 20627 

Dec. 30 44 37 35905 24 44 57223 22 50 29°23 

1886 Jan. 7-11 43 49 34 55 24 57 58 14 22 41 28 54 

Jan. 10-12 44 13 33037 25 15 58 14 23 8 29 7 
Means, — 102 44 36.3 AO 33°39.2. 1362495203 147 58 47. 6 22 34.6 177 29 12.4 
Correction, + 4.1 + 4.1 + 4.1 oe ee ; hee a ene 


Corr. Means, 102 44 40.4 46 33 43-3 136 24 33.4 147 58 38.5 46 22 38.7 177 20 16.5 


The adjustment of these measures has been made as follows: assuming the values of the 
co-ordinates of a By 5 from 7 to be 


Aa Ads 
fora : — 2413.45 + 4a + 641.56 + 
: + 530.80 + xp + 3182.88 + Vg where x stands for Aa cos § 
y: + Sor1t + 24, — 2454.38 + yy and ‘y Bf Ad ; 


8: + 3047.51 + x3 — 488.78 + 95 
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we deduce from them the following equations of condition, the left-hand member being the 
computed and the right-hand member the observed results : — 


Computed. Observed. 0.—C 
From distances, a6 5123.92 —0.975 %q +0.975 x3 +0.220y, —0.220 yp = 5124.12 + 0.20 
af 3696.10 —0.726 4, +0.726 x, —0.688 y, + 0.688 ye 3696.00 — 0.10 
ay 4274.97 — 0.690 %, +0.690 x, +0.724 ya — 0.724 Jy 4274.71 — 0.26 
BS 4330.91 — 0.530 %g +0.530 x3 +0.848 yg —0.848 ys 4330.73 — 0.18 
75 2849.17 — 0.724 %, +0.724 x3 —0.690 yy + 0.690 ys 2849.05 — 0.12 
By 5642.68 — 0.044 % +0.044 x, +0.999 ¥g —0.999 Jy 5642.61 — 0.07 
° ’ ” ° , ” ” a dA 
From position- “a5 102 44 41.3 +0.220%, —0.220 x3 +0.975 Ya —0.975 Jgs=102 44 40.4 — 0.9 =—0.02 
angles, aB 46 33 41.1 —0.688 x, +0.688 x, +0.726 y, —0.726 Je 46 33 43.3 + 2.2 40.04 
ay 136 24 11.9 +0.724%, —0.724%, +0.690 y, —0.690 y, 136 24 33-4 +21.5 +0.44 
BS 147 58 18.5 +0.848 x2 —0.848 x; +0.530 yg —0.530 ys 147 58 38.5 +20.0 +0.42 
y8 46 22 42.9 —0.690 x, +0.690 x3 +0.724 yy —0.724 Vs 46 22 38.7 — 4.2 —0.06 
By 177 29 20.7 +0.999 %8 —0.999 x, +0.044 yg —0.044 7, 177 29 16.7 — 4.0 —O.II 


A preliminary solution gave the result that the equations from the position-angles are entitled 
to but about half weight in comparison with those from the distances; and under this assump- 
tion, and putting x, and y, = 0, we get for the normals for the other six unknowns : — 


” 


+ 1.906% —0O.5014%, —0.640%3 — 0.002 yg — 0.022 y, + 0.225 ys =+ 0.161 
— 0.501 + 2.001 — 0.762 -+ 0.022 — 0.022 — 0.250 — 0.178 
— 0.640 — 0.762 + 2.375 + 0.226 — 0.250 — 0.084 — 0.183 [zn] =0.3631 
— 0.002 + 0.022 + 0.226 + 2.594 — 0.999 — 0.858 — O1197 
— 0.022 — 0.022 — 0.250 — 0.999 + 2.499 — 0.738 + 0.168 
+ 0.225 = 0.250 — 0.084 —0.858 * — 0.738 + 2.120 — 0.055 > 
which give the solution : — 
xg = + 0.023 Wt.1.44 ~+Prob. error, + 0.123 
ky =— 0.135 1.43 0.123 
xs =— 0.109 1.65 0.115 [27.6] = 0.2927 
Ye =— 0.102 1.48 0.122 
vy =— 0.014 1.46 0.122 
Ys =— 0.094 1.24 0.132 
the residuals being as follows : — 
Distances, Position-Angles. 
ad + 0.285 — 0.136 * 
aB  —o0.048 — 0.049 
ay —0.177 [vv]¢=0.1335 + 0.332 [vv] s = 0.3165 [vvlat+ % [vv],=0.2917 
BS  —0.105 + 0.311 
76 — 0.084 — 0.136 
By + 0.025 — 0.265, 


and the probable error of one equation coming out = + 0’.148. It will be seen that the 
assumption of half weight is sufficiently close to the truth for the relative weight of the posi- 


tion-angles, so that we get for the co-ordinates from this adjustment 
5 
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Aa Ad 
a — 2413.45 + 641.56 
B + 530.83 + 3182.78 
y + 800.96 — 2454.39 
8 + 3047.39 — 488.87. 


Thirdly, I have used the measures which serve themselves to determine the places of the 
stars relatively to the quadrilateral, for fixing the co-ordinates of a, B, y, and 6. Each set of 
measures of a star from these four gives really a set of four equations of the form : — 


Measure from a: xy Sin pa + Jy COS Pa — Xa SIN Pz — Va COS Pa = Obs. — Comp. Distance. 
xy Sin Pp + Jy COS fg — xp Sin Je — Ye COS fp es ie, ¢ 

Hy SIN py + Jy-COS Py — Fy Sin Py — Jy COS Py, 
xy sin ps + Py COS Ps — Xs sin ps — Ys COS Pg 


Oo To 


L.,,, Xa1 Vay etc., being the corrections to the assumed co-ordinates of the star and those of the 
Quadrilateral stars, 2, As, etc., the position-angles of the pair under observation. All sixty-five 
stars therefore would give us 260 equations with (2 X 65 = 130) + (2 X 4=8)=138 unknowns, 
and the rigid method would be to determine these 138 values simultaneously by least squares. 
I have however not thought it worth while to carry out this simultaneous solution, but have 
proceeded as follows: A provisional system of co-ordinates for a, 8, y, and 6 being assumed, 
and those of the sixty-five stars taken as given by the triangulation by distance and position- 
angle from y, the equations were formed and solved, neglecting the corrections %,, y,, etc. 
These equations will be found on pages 68 and following, x and y denoting the corrections to 
the assumed co-ordinates of the star under consideration, z, the values Ods.— Comp., and x, 
and y, the solution of the normals, using x, as the absolute term. I have now substituted Ee 
and y, in the equations of condition, and this gives the residuals v,. From ¢hese I have deduced 
corrections to the co-ordinates ~%,, y,, etc., each star furnishing one equation for each of the four 
of the Quadrilateral. In forming normals from these equations I have not given each one 
equal weight, however ; it will be seen later on that the measures of the fainter stars are of 
inferior accuracy, and I have divided the list into four groups according to their magnitudes 
as given in the Durchmusterung as follows: — 


Group I. Mag. 3.0to7.5 Assigned relative weight / p= 1.0 
1h 7.6 66 Sar 6c 6¢ (73 


0.9 
Di. S321 OO : i . 0.8 
IV. 8:9) 90.2 s 6 % 0.7 


The normals thus found for x,, y,, etc., are with their solutions : — 


” w" 


Normals : + 33.54 %2 — 3-79 Va =+ 3-53 ; Solution: x. = + 0.088 Wt. 32.5 Prob. Error + 0.019 
— 2.5 


—  2uyf0) + 14.47 Ja — 0.156 14.0 0.030 
+ 13-10% + 6.52 yg = + 1.97 xg = + 0.165 Wt. 11.9 0.032 
+ 6.52 Ya 38.07 -++ 0.02 Js = 0.036 31.8 0.019 
+ 11.92 4, — 9.79 Jy = — 0.63 xy = — 0.041 Wt. 9.2 0.035 
= 0-79 ~ 35.08 + 0.91 Vy = ++:0.014 28.0 0.020 
+ 38.13 x3 — 8.55 ys = — 4.64 x3 = — 0.097 Wt. 30.6 0.019 


S855 So AGS + 1.93 Ys + o.rrt 8.0 0.039 


REDUCTION OF QUADRILATERAL MEASURES. 67 


[p. ¥, v,] is = 5.241, and is reduced to 3.510 by the introduction of these values of x,, y., etc. ; 
or the corresponding probable errors of one equation are + 0”.142 and + 0’.108, with which 
latter value the probable errors of the unknowns have been computed. 

It will be noticed that the values found for the corrections to the assumed system of co- 
ordinates (the same as that assumed for the adjustment of the six distances and position-angles 
of the quadrilateral) are small, so that a repetition of this process of successive elimination 
appears unnecessary, and I have adopted them as final; we thus get : — 


Aa Ads 
a@ — 2413.35 + 641.40 
B+ 530.98 + 3182.85 
yY + 801.07 — 2454.37 
56 + 3047.40 — 488.67. 


We thus have the three sets of determinations of the co-ordinates of a, B, y, and 6, which 
I collect again as follows: — 


a B 
Aa : Aé Aa Aé 
From Measures from 7 — 2413.38 + 641.39 + 530.74 + 3182.94 Adopted Wt. 1 
“ Quadrilateral 3-45 1.56 0.83 2.78 we I 
“all 65 Stars 2.55 1.40 0.98 2.85 ss 2 
Mean by Wt. — 2413.382 + 641.437 a 530.882, -- 3182.855 
y 8 
Aa A58 Aa A$ 
From Measures from 7 + 801.28 — 2454.25 + 3047.46 — 488.92 Adopted Wt. 1 
“ Quadrilateral 0.96 4.39 7.39 8.87 us I 
“all 65 Stars 1.07 4.37 7.40 8.67 “s 2 


Mean by Wt. + 801.095 — 2454-345 + 3047.412 — 488.782 


In combining these three determinations to a definitive result I have taken, as above shown, 
the relative weights as 1, 1, and 2. The small probable errors of the last determination are to 
some extent illusory, and as the method was not absolutely rigid it has received a much smaller 
weight than its theoretical one. From the agreement of the three determinations the probable 
error of one co-ordinate of Wt. 1 is found = + 0”.076; hence the final values with the Wt. 4 
may be considered.as affected with a probable error of about + 0”.04. . 

Before using these final co-ordinates of the quadrilateral to insert the remaining stars, I have 
added small constants to them in order that the origin of two triangulations may be rigidly 
the same. For this purpose I take all the measures of the stars a, 6, y, and 6 from », four 
from the first and eight from the second triangulation, and compare them with the values 
deduced from the above co-ordinates. This gives the equations of condition for the co- 


ordinates of »:— 


Computed. Observed. oO. — c. Resid. 
2298.807 + 0.961%, —0.275 Jn = 2298.794 — 0.013 — 0.004 
3219.482 — 0.147 — 0.989 3219.519 + 0.037 ts O.02/7 
2562.083 — 0.291 + 0.957 2562.109 + 0.026 — 0.031 


2833.291 — 0.986 + 0.169 2833.285 — 0.006 — 0.017 
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Normals. Solution, 

” ow 
+ 2.002 %, — 0.565 y, =-— 0.020 Xy = — 0.012 
— 0.565 + 1.993 — 0.008 In = — 0.008 


If we now apply these values for x, and y, with reversed signs to the co-ordinates of the 


Quadrilateral, the corrections to the place of y will come out = 0, and both triangulations will 
have a common origin. We thus have finally : — 


y Aa As 
a -— 2413.37 + 641.44 
B+ 530.89 + 3182.86 
y c+ 801.11 — 2454.34 -< 
d + 3047.42 — 488.77, 


with which and the co-ordinates of the stars from the measures from 7, comparing with the 
observations in the preceding section, we get the values ~,, and solving the normals with these 
as the absolute terms the final results x, and y, I have also included a term s which is propor- 
tional to: the distance in the equations of condition, and have shown its effect on x, and y,. 
The unit of s is 100’ or 6000", about the total length of the group. This will facilitate any 
change or discussion of scale-value. 


Equations of Condition from Quadrilateral Measures, 


Normals and Solutions. 


Equations of Condition. 2, Ny VY, v 

1l—o.g51x% +0.310y + 0.1585 =—oO1I —0.21 — 0.05 — 0.14 

— 845 — .535 + .0.703 — 06 — «12 + .11 + .10 [vv], = 0.074 

— 753 +. 658 + 0.855 + 18 + .20 + .17 + .17 

— 973 + .231 + 1.012 — 25 — 17 — .18 — 08 [vv], = 0.069 

Normals. Solution. 
+ 3.132% —0.564y — 2.3735 =+ 0.263 + 0.303 %= +0109 *,=+ 0.133 +0755 Wt. 2.77 
—0564 +0868 + 0.470 + 0.088 + 0.092 N= +0137 Jg=+.0.191 — 0.055 0.77 


Equations of Condition. 


” ” ” ” 


2 —0.592% +0805 y +0.1965 =+0.23 + 0.09 + 0.15 + 0.03 
= 7.904 = — 4430) = 0,62 Te asA Om gice 34g + 11 ar ols [ve], = 0.042 
— 673 +: «741 - 10.906 + .12 + .14 + .00 + .04 
— 940 + .340 + 1.009 400. ash TS — .20 — .I0 [vv], = 0.017 
LVormals. Solution. 
+ 2.503% —o.90o7y — 2.2375 =—0.734 — 0.676 4 =— 0350 x, =— 0.334 +0.865 Wt. 1.95 


—0.907 + 1.497 + 0.905 + 0.086 + 0.043 Y=-— 9154 po=—0.172 —0.08s ay) 


8 + 0.119% 
— .463 
— .940 
— -979 


+ 2.071 x 
+ 0.170 


REDUCTION OF QUADRILATERAL MEASURES. 


Equations of Condition. 


My 
—o854y to109s =— 1.05 
ry TO of 724 — 0.55 
+ .608 + .693 — 0.16 
3103 + ° 894 + 0.23 
LVormats. 

+ 0.358 y — 1.9995 =+ 0.826 
+ 1.626 — 0.097 + 1.218 
Equations of Condition. 

+ 0.738 y + 0.0805 =— 0.07 
— .590 + .619 + .02 
52 a fZ® += 702 + .40 
+ .265 + .920 + .56 
Normals. 

—0.777 y — 1.9875 =— 0.782 
+ 1.486 + 0.510 + 0.374 
Equations of Condition. 

— 0.994” +0.1065 =—0.45 
— .774 + .686 + ..19 
“+ -040. + .632 = 6 
49.096 “+ .827 — 25 
Lormats. 

1012021) 5 — 1.720) 5) == -- 0.197 
+ 2.014 — 0.147 + 0.179 
Lguations of Condition. 

— 0.335 V + 0.0425 =— 0.44 
— 774 508 + 40 
+. 740 +t .675 — +43 
+ .211 + 812 + .07 
Normals. 

—osI9y —1.6135 =— 0.465 
+ 0.243 + 0.218 — 0.450 
Lquations of Condition. 

— 0.993 ¥V + 0.3525 =—0.15 
— 880 + .874 + .53 
+ .341 + .481 + .09 
— .203 + .810 + .04 
LVormals. 

+ 0.1707 —1.608s =—- 0.387 
+ 1.929 — 1.125 — 0.298 


+ 0.760 


+++ | 
aN 
N 


ae 
er 

ro 
Q 

Ne) 


sp Chey, 


+141 
= 


+++ | 
9° 
oo 


— 0.416 
— 0.418 


Vy 
= 0333 — 
+ .12 + 
— +39 — 
+ .40 “ 


Jy = + 0.694 
— 0.34 — 
— “14 — 
ere Aine 
+ .26 4. 
x, = — 0.279 
GA ap Criiey) 
— 0.36 ~ 
res 4 ete 
— 13 — 
— +15 — 


69 


.05 [vv], = 0.436 
44 [vv], = 0.450 


Solution. 


” 


x,=+0214 +0865 Wt. 2.30 


J2=+ 0.696 —o.188 1.57 
0.44 
Sy) [vv], = 0.220 
.18 
33 [wv], = 0.359 
Solution. 
X_ = — 0.300 + 0.825 Wt. 2.11 
JoH=+t+0.051 + 0.085. 1.24 
0:20 
28 [vv], = 0.284 
.10 
.10 [vv], = 0.160 
Solution. 
X%,=+ 0.085 +0895 Wt. 1.96 
Yo=+0.040 +0.1685 1.99 
0.27 
“12 (oul v=0:252 
24 
200 faz} == 0.847, 
Solution. 
X= — 0.233 +0.605 Wt. 2.54 
Jo =— 0.435 +0.085 1.14 
0.20 
24 [vv], = 0.204 
02 
oer [vv], = 0.109 
Solution. 
%_,=—0185 +0.735 Wt. 2.05 
Je = — 0.202 + 0.525 1.91 


7O 


9 


11 


12 


13 


+ 0.133 x 
973 
159 
— .837 


18774 
0.503 


0.448 x 


lit 


le 


SP PHOS 6 
— 0.529 


GROUP 


Equations of Condition. 


ty 

+ 0.9901 y + 0.333 5. =+ 0.31 

— .230. + .412 + .16 

+ .888 + .951 als 

+ .540 + O41 — OL 
Normals. 

— 0.5037 — 1.5825 =— 0.166 
+ 2.124 + 1.595 + 0.380 
Liquations of Condition. 
+0894y + 0.1205 =—0.22 
— .630 + .504 ae es 
+ 817 + .760 > 219 
+ 351 + .832 + .04 

LVormals. 

+ 0.092. —1-5545 =— 0.424 
+ 1.987 + 0.701 > Ohltyix 
Lquations of Condition. 

+ 0.9857 + 0.3865 =-+ 0.42 
— 119 + .380 = 222 
+ +903 + .989 + .04 
+ +594 + .950 | 

LVormats. 
—0.574y —1.4985 =+ 0.388 
Sp Pause gp id/O)S + 0.390 
Lquations of Condition. 
+ 0.980y + 0.3605 =— 0.13- 
— .I9t + .378 + 710 
+ 900 + .962 — .33 
I 579) a> 3920 + 44 
LVormadls. 
—0.476y —1.4745 =— 0.931 
+ 2.140 + 1.684 — 0.303 
L-quations of Condition. 
—o861y + 01745 =— 0.16 
— 850 + .678 + .34 
+ .669 + 542 +) 40 
045. AE 945 + .42 
LVormals. 
0.529) DAS Sor O1075 
+ 1.913  — 0.329 + 0.134 


OF THE TFLEIADES. 


My Y 
+ 0.20 + 0.15 + 
+ .09 + .16 + 
+ .16 — .04 _ 
+ .06 — .14 _ 
— 0.184 x, = — 0.043 
+ 0.351 ¥, => 0.109 
— 0.29 — 0.05 _ 
+ .18 + ,O1 — 
+ .21 + .14 + 
ap ole =" ah) aaa 
— 0.503 4, == 0.210 
— 0.160 Jy = — 0.087 
sp Ogi + 0.12 + 
= Ge + .09 + 
sp ey = sy = 
— .06 — .05 + 
+ 0.370 x, = + 0.290 
+ 0.368 J, = + 0.258 
— 0.24 Ors + 
+ .63 + .09 — 
= oe Ta coe Se 
> 35 \E ap lls oe 
— 0.955 x, = — 0.569 
— 0.330 Jy = — 0.268 
— 0.02 + 0.03 + 
ap gis qr dR == 
+ .42 + .08 a 
= AO —) .06 _ 
— 0.968 x, = — 0.484 
+ 0.064 J, = — 0.064 


1.99 


1.98 


Wt. 1.69 
1.97 


2.02 


Wt. 1.94 
1.78 


% 
0.06 
107 [vv], = 0.067 
00 
.07 [vv]2 = 0.013 
Solution. 
X,=—0.057 +0685 Wt. 1.76 
Jg= F O.152 —0.595 
0.12 
-05 [vv], = 0.036 
12 
.09 [vv], = 0.039 
Solution. 
X,=— 0.247 + 0.33 5 Wt. 2.01 
Jo = — 0.067 — 0.675 
0.02 
00 [vv], = 0.030 
03 
.02 [vy], = 0.002 
Solution. 
X,=+0.276 + 0.605 
Jo =+0.245 — 0.675 
0.15 
.00 [vv], = 0.199 
31 
19 [vv ]e = 0.150 
Solution. — 
H,=— 0.588 + 0.635 Wt. 2.75 
Je =— 0.286 —0.655 
0.14 
.05 [ve], sere.0r4 
abe 
00 [vv ]2 = 0,038 
Solution. 
%,=—0490 +0.785 
Jg=a— 0.102 + 0308 


14 + 0.700% 
— .731 
— .531 
cy <0 


15 + 0.670% 


16 


lant 
. 2 
NO 
Ne} 
° 
8 


17 + 0.968 x 


18 + 0.492% 
— .837 
— .465 
— .879 


+ 1.936x 
+ 0.058 


REDUCTION OF QUADRILATERAL MEASURES. 


Equations of Condition. 


ny 
+0.714y +0.1485 =+ 0.21 
— .682 + .468 + .o1 
+ 847 + .732 zee) 


i s7in  -7O6 -- 10 
LVormals. 
+ 0.202 y — 1.3645 =— 0.372 


+ 1.828 + 0.700 + 0.832 


Liquations of Condition. 


” 


—0.742y +0.1635 =— 0.36 

—=1.052 .4- .643 + 1.16 

Heapids =" 540 — 0.23 

ae OSg urea. 720 — 0.12 
LVormats. 

— 0.636 y — 1.3335 =— 0.570 

+ 1.796 —0.214 — 0.898 


Lquations of Condition. 


+ 0.9577 + 0.3865 =— 0.25 

— 164 + .337 + .16 

+ .919 + .962 1.04 

+ .611 + .908 — .oI 
Normals. 


” 


—0.408y — 1.3205 =-+ 0.429 
+'2.161 + 1.753 — 0.797 


Lquations of Condition. 


” 


+o251y +01165 =— 0.19 

— .765 + .517 + .06 

+ .819 + .663 — .23 

+ .285 + .751 + .13 
LVormals. 

—0.006y — 1.3195 =— 0.215 

+ 1.400 + 0.392 — 0.245 


Equations of Condition. 


” 


+0.871y + 0.2355 =+ 0.36 

— 538 + .394 — .I4 

+ .886 4+ .811 — .12 

+ 477. + .816 — .O1 
LVormats. 


” 


+ 0.058y — 1.3095 =+ 0.359 
+ 2.062 + 1.100 + 0.277 


+ 0.411 
— 0.812 


+ 0.302 
+ 0.301 


v; Ug 

+ 0.02 =| 0.02 

+ .18 + .13 [ae]; = o:170 

ap oaks ap O2e 

—' 28 — .24 [vv], = 0.129 
Solution. 


” am” 


Ji= 1479 J2=+ 0.513 — 0.465 


— 0.51 — 0.43 
+ .40 + .31 [vv], = 0.694 
— «ll — .03 
+ .5t + 43 [vv],=0.470 


Solution. 


” ” 


yy =—0610 jye=—0.680 + 0.375 
+ 0.03 — 0.06 

+ .26 + .18 [22 ==10.407 

+ +33 + 337 

— .48 — .4I [ev], = 0.337 


Solution. 
%=+0.158 a4=+0.146 + 0.565 
Jy = — 0.340 JY, =— 0.348 — 0.715 


— 0.06 — 0.03 

— $13 - -— «13 [vv], = 0.048 

— .13 — 17 

+ .10 + .15 [vv], = 0.069 

Solution. 

%,==-— 0.083 *,=—0.091 +0.515 
Jy=—0176 Yo=—O1I7 — 0.285 
+ 0.16 + 0.09 

+ .08 + .00 [vv], = 0.062 

— 415 — .15 

+ .09 + .13 [vv], = 0.047 


Solution. 
H, == 0182 4, = 0.152 40.695 
Yi = +0129 Yo=tO142 —0.55 5 


ffi 


,=— 0.215 4,=—0.242 +0.675 Wt. 2.15 


1.81 


x, =— 0.449 x2=— 0.438 +0715 Wt. 1.98 


1.61 


Wt. 1.77 
2.07 


Wt. 2.60 
1.40 


Wt. 1.93 
2.06 


19 


20 


21 


22 


23 


+ 1.000% 
— 0.608 
— 0.585 
— 0.967 


+ 2.647% 
— 0.225 


+ 0.944 x 
.632 
5532 
948 


GROUP 


Equations of Condition. 


1, 
+o0.01I0y + 0.1215 =— 1.19 
—.794 + 534 + .0.55 
+ 811 + .635 + 0.17 
+ .253 + .736 + 0.19 
LVormals. 
—0.225y — 1.2885 =— 1.806 
+ 1.352 + 0.277 — 0.262 
Liquations of Condition. 
+ 0.331Y + 0.1475 =— 0.47 
= O:775) oat 485 Eos 
+ 0.847 + .665 + .02 
-{=1O.3 20M 32 — .06 
LVormals. 
+ 0.048 y — 1.2265 =— 0.379 
+ 1.530 + 0.471 = O11 G35 
Equations of Condition. 
— O.71OVs = 0.2045 (== ——0, 33 
— .886 + .647 — .00 
+ .726 + .504 + .16 
+ .054 + .688 + .27 
Normals. 
—0.644y —1.1875 =—0.612 
+ 1.820 —0.319 + 0.365 
Equations of Condition. 
+ 0.7367 + 0.2195 =— 0.01 
=. 06320 Jee 308 sen ke 
+ .891  -- 753 qe outs 
Hed 52 oe 5707 + .34 
LNVormals. 
+0.186y —1.1795 =—0.521 
i .0)7 0 110.920) + 0.155 


Equations of Condition. 


” 


+0.654y +0.2235 =-+ 0.01 


Saunt LOM COs s- 15 

+ 897 + .735 +, .58 

1 445 = 5742 + .36 
LVormals. 

+ 0.200 — 1.0985 =— 0.675 

+ 1.935 + 0.855 + 0.580 


OF THE-~PLEIADES. 


Y 

— 0.48 

— 13 — 
+ .O1 — 
— 41 — 
x, = — 0.708 
J, = — 0.312 
— 0.30 

— -19 — 
+ .o1 — 
ae 18 =! 
i 0.152 
Jy = — 0.084 
— 0.08 

— .O1 — 
— -09 — 
+ .02 + 
x, = — 0.247 


U9 
12 [vv], = 0.418 
.O1 
34 [vv ]2 = 0.306 
Solution. 
X%,=— 0.703 +0.485 
J, === 0.261 90.135 
.20 fog |n==101857 
.02 
13 [vv], = 0.130 
Solution. 
X% =— 0.166 + 0.505 
Jo = — 0.032 — 0.325 
— 0.00 
.06 [vv], = 0.014 
.07 
.08 [vv]. = 0.013 
Solution. 
%,=— 0.258 + 0.675 


Y,=+0113 JY2=+0.106 +0415 


” 


+ 0.10 + 0.05 

+ .06 + .00 [vv], = 0.019 

— .06 — .08 

+ .05 + .08 [vv], = 0.017 
Solution. 

4, =— 0.267 #, =— 0.3200 + 0.6315 

A= +0103 peo =+0.132 —O0.528 

+ 0.06 + 0.03 

> 14 + .09 [vv], = 0.049 

+ .12 + = .10 

— «II — .09 [vv]. = 0.027 
Solution. 

x =— 0.361 #,=—0.395 +0.58 5 

J, = + 0.338 J's = + 0.379. — 0.508 


Wt. 2.61 
133 


Wt. 2.47 
1.53 


Wt. 1.95 
1.63 


Wt. 2.00 
1.96 


Wt. 2.04 
1.92 


MEASURES FROM ALCYONE. 43 


Equations of Condition. 


ua M4 Y % 
24 + 0.964% — 0.265 y + 0.2035 =—0.65 —o.5s —0.20 —olI 
— 464 -— 886 + .541 + .30 + .27 — .00 — .00 [vv], = 0.079 
— 543 + 640 + 547 ap oly) Gee Guile) — .o1 — .o1 
7.050 Ff. 202) + 1651 27 Se 4 34 — .19 — «II [vv], = 0.024 
Normals. Solution. 
+ 2.400% —0.500y —0.990S =— 1.123 — 1.050 x,=—0.486 +,=—0.469 +0.435 Wt. 2.24 


—0.500 + 1.602 + 0.058 + 0.105 + 0.135 Nn as 0.086 y,=—0.061 +0.10S5 1.50 


Lquations of Condition. 


” ” ” ”" 


25 + 0.962% —0.272y +0.2075 =—0.76 — 0.66 — 0.26 — 0.17 
= A54 ,— .8o1 + .541 + 48 + .45 + .04 + .03 [vv], = 0.149 
— .638 + 843 +. .542 + .15 + .17 + .02 + .03 
— 980 + .199 + .645 + 24 + .31 + .28 — .20 [vv], = 0.073 
Normals. Solution. 
+ 2.382 x —o0.500y —o970s =— 1.265 — 1.233 x, =— 0.574 %=—0.558 + 0.435 Wt. 2.22 


—0.506 + 1.620 + 0.048 — 0.046 — 0.016 Jy =— 0.207 yg=—.184 +0,108 1.51 


Equations of Condition. 


” ” ” ow 


26 + 0.723% —o.691y +0.2925 =—0.46 —0.33 — 0.26 — 0.15 
— 0.352 — .936 + .670 — 06 — .08 + .10 + .05 [vv], = 0.116 
—0.670 + .742 + .420 + .8 + .I0 — 13 — .08 
—1.000 — .027 + .622 — .07 — .00 — ,14 — .08 [vv], = 0.038 
LNVormals. ‘ Solution. 
+ 2.096 x C641 0.9285 =—0.293 — 0.278 x,=—0078 x, =—o0.081 +0.595 Wt. 1.88 
—o0641 + 1.906 —0.534 + 0.432 + 0.377 Jy=+0.200 ya=+o171 +0485 1.71 
Lquations of Condition. 
27 +.0.997% —0.077y +0.2275 =—0.14 —0.07 — 0.07 —0.00 
— 446 — 896 + .495 — 18 — .21 — «II — II [vv], = 0.040 
— 473 + 881 + .563 — .0o2 + .o1 — .14 — .14 : 
— .964 + .266 + .630 + 13 + .21 + .05 +- «12 [vy], = 0.046 
LVormals. Solution. 
+ 2.346% —o0.350y —0.8695 =—0.175 — 0.184 x,=— 0.059 x,=—0.057 + 0.365 Wt. 2.27 
— 0.350 + 1.655 + 0.203 + 0.190 + 0.254 J, = +0102 y.=+ 0.142 — 0.055 1.60 
Equations of Condition. 
28 + 0.523% —o8s2y +o04715 =—0.03 +011 —017° —0.09 
— 237 .—..972 + .851 + 43 + .42 + .07 — .00 [vy], = 0.057 
= OLO) 4 ATS. 27 t — .6 — .o6 — .I5 — .12 
— 939 — .345 + .626 + .36 + 42 + .03 + .07 [vv ]2 = 0.025 
LVormals. Solution. 
+ 2.038% —0.270y —0.7905 =— 0.399 — 0.383 x, =— 0.236 x2 =— 0.238 +0485 Wt.'2.00 


—0.270 + 1.961 — 1.331 — 0.540 — 0.673 J, = — 9.307 y= — 0.376 +0.755 1.92 


74 


31 


le 
° 
a 
oo 
wn 
& 


32 + 0.876% 
— 0.220 
— 0.466 
— 1.000 


+ 2.032 x 
— 0.645 


83 + 1.000% 
— 0.286 
— 0.322 
— 0.943 


+ 2.075 x 
we Re) 


GROUP 


Equations of Condition. 


OF THE -PLEIADES. 


4) Ms 
—0.391y +0.2775 =—059. — 0.48 
— .941 + .567 + .32 + .30 
+ .863 + .470 + .30 +. .32 
+ .132 + .583 “939° 40 
LVormals. 
— 0.608 y —0.7525 =—1.188 — 1.157 
+ 1.801 —0.159 + 0.239 + 0.242 
L-quations of Condition. 
+ 0.4337 + 0.3305 =— 0.38 —'.37 
— 884 + .320 +399 - 336 
+ 961 + .685 — 32 — .33 
+ .522 + .628 — 10 — .03 
LVormals. 
+ 0.082 y —0.5845 =—0.349 — 0.382 
+ 2.162 + 0.846 — 0.868 —o811 
Lquations of Condition. 
+0.728y +o0441s5 =+018 +015 
—= 887 “+ .179 + .06 — .00 
+ .975 + .856 + .04 + .08 
+ .691 + .733 — .26 — .20 
LVormals. 
+ 0.256y —0.5625 =+ 0.253 + 0.230 
+ 2.302 + 1.558 — 0.045 + 0.049 
Equations of Condition. 
—0.482y + 0.3578 Ss +008 +0.20 
— 076 + .612 + 35 + .34 
+ .885 + .386 — 51 — .49 
+) -025 ==) 6525 =r 5-00) 4-07) 
LVormals. 
— 0.6457 — 0.8238 =+ 0.231 + 0.259 
+ 1.969 —0.414 — 0.832 — 0.860 
Lquations of Condition. 
—oo1Ioy +03195 =—0.58 —0.51 
"6958 “orb 3447 522, = 20 
+ 947 + +539 SAO ee BS 2 
3333. - ot 545 ra kee] Satna sag 
LVormals. 
— 0.355) — 0.4985 =— 0.784 — 0.785 
+ 1.926 + 0.261 — 0.450 — 0.381 


Y 
— 0.10 
+ .08 + 
+ .07 Se 
— TS — 
4 = — 0-555 


M% 
— 0.00 
.07 [vv], = 0.045 
.09 
07 [vv], = 0.018 
Solution. 


ow 


x,=—0.540 +0.405 Wt. 1.99 


Jy = — 0.055 Yo=— 0.047 + 0.225 


— 0.05 — 0.04 

— 04 — .05 [vv], = 0.006 

-+- .O1 ——-Og 

— 04  — .00 [vv], = 0.005 
Solution. 

x, =— 0172 #4, =—oO19t + 0.345 

I= — 9.394 PY, =— 0.368 —o.4os 

+ 0.10 + 0.05 

+ .16 + .I1 [vv], = 0.063 

+ .I1 + .10 

— .12 =| Art [vv], = 0.037 
Solution. 

MH = +0157 *,=+0135 +0445 

JV, = — 0.037 § ¥g= + 0.006 —0.735 

— O11 — 0.01 

— 07 = 09 — [ev = 0.037 

— .14 — <i 

— 1 + .07 [vv], = 0.025 
Solution. 

x, =— 0.023 *,=—0.013 +0368 

Ji =— 429 Yg=— 2440 + 0.33 5 

— 0.15 — 0.09 

— .20 — .I9 [vv], = 0.100 

— .19 — .19 

— .03 + .03 [vv], = 0.080 
Solution. 

*,=—0.43l #4, =—0.425 +0.225 


Rie PSES eee te eee ag 


— 0.095 


1.63 


Wt. 1.84 
2.16 


Wt. 1.67 


2.26 


Wt. 1.82 
1.76 


Wt. 2.01 
1.86 


84 + 0.7374 
— .161 
— .612 


mag GLE 


+ 1.895 x 
— 0.607 


35 + 0.965 x 


86 + 0.720% 
— .132 
— .630 
ie ne 


+ 1.850% 
5/9 


87 + 0.9714 
— .194 
— .324 
— .980 


+ 2.046% 
— 0.545 


38 + 0.962x 
— .182 
— .325 
— 985 


+ 2.034% 
— 0.563 


REDUCTION OF QUADRILATERAL MEASURES. 


Equations of Condition. 


Ms 
— 06757 +0.4455 =+ 0.72 
== 7:9387' ++ .736 + .63 
a nye + .269 — .69 
== .223) 94> .518 — .38 

LVormats. 

— 0.607 y —o460s =+ 1.221 
+ 2.106 —0.929 — 1.572 


Equations of Condition. 


” 


(0.262 py --+- 0.3535 == — 0.39 

9G ey 520 + .14 

+ .940 + .449 + .18 

+ 195 + .502 + .41 
LVormals. 

—O557¥ —0.4145 =— 0.868 
+ 1.944 — 0.094 + 0.210 
Lquations of Condition. 

—_— 0.693 y + 04815 =+ 0.19 
— .ggi aE 765 + .15 
+ .775 + .233 — .18 
— .290 + .511 eos 

LVormals. 
—0579Y — 0.3935 =+ 0.554 
+ 2.148 — 1.058 — 0.320 


Lequations of Condition. 


” 


—0.240y + 0.3565 =—0.44 

— .981 + .520 — .32 

+ .946 —-F .453 + .15 

+ .200 + .498 + .04 
Normals. 

— 0.5457 —0.3895 =—0.451 
+ 1.955 — 0.068 + 0.569 
Liquations of Condition. 
—0.272y + 0.3645 =— 0.65 
— .983 + .533 + .18 
+ .946 + .439 + .15 
+ .175 + .491 + II 

- Normals. 
— 0.5637 — 0.3745 =— 0.812 
+1.967 —~0.122 + 0.160 


= 9-794 
+ 0.185 


Y 

— 0.02 

+ 409 + 
+ .07 + 
— .08 — 
4, = + 0.446 
Ny = — 0.617 

+ 0.02 + 
Sheed eee 
1 BOL ST: 
+ .05 a5 
XH, = — 0.425 
Jy = — 0.014 
— 0.05 +0. 
+ .II aE 
+ .05 —. 
6 ae 0.276 
Jae OO74 
— 0.23 — 
— II _ 
_ 13 — 
= 16 = 
4 = —.0.154 
J, = + 0.248 
— 0.27 — 0. 
+ .07 +. 
+ .05 ape 
— +29 — 
x, = — 0.410 
J, = — 0.036 


X,=— 0.411 
Jo = + 0.007 


X_ = + 0.280 
Jo = — 0.113 


[vv], = 0.020 
[vv], = 0.023 


Solution. 


” 


%,=+0.445 + 0.43 5 
Ig =— 0.652 


+ 0.565 


[vv], = 0.006 


[vv], = 0.024 


Solution. 


” 


+ 0.23 5 
+ 0.125 


[vv], = 0.028 
[vv], = 0.019 


Solution. 


” 


+ 0.405 
+ 0.605 


[vv], = 0.108 
[vz], = 0.049 


Solution. 


” 


xX, =— 0.140 + 0.225 
Ye= + 0.267 + 0.095 


[vv], = 0.161 
[vv], = 0.084 


Solution. 


” 


X= —.0.396 + 0.225 
Je=— 0.019 + 0.125 


75 


Wt. 1.72 
I.gI 


Wt. 1.90 
1.79 


Wt. 1.69 
1.97 


Wt. 1.87 
1.81 


76 


39 + 0.776« 
— .132 
— .526 
— .978 


+ 1.852 
— 0.606 


41 + 0.846x 


42 + 0.853% 
= 135 
— .413 
— -997 


+ 1.Q1Lx 
— 0.615 


43 + 0.713« 
— .102 
= e037 
— .936 


+ 1.801 x 
= O.500 


GROUP 


Equations of Condition. 


My 
—0.631y +0.4555 =—0.51 
— .ggt + .718 + .04 
+ .851 + .267 + 11 
— .206 + .493 + .46 

LVormalts. 

—0.606y — 0.3655 =— 0.908 
+ 2.146 —0.874 + 0.281 


Lquations of Condition. 


wt 


+ 0.463 y + 0.3975 = + 0.25 


— .932 + .258 — .23 

+ .981 + .712 + .14 

+ 610 + .615 + .10 
LVormals. 


” 


+ 0.073y —0.3625 =+ 0.199 
+ 2.417 + 1.011 + 0.528 


Lquations of Condition. 


” 


a Oshi3 30) met Ol A2 218 ait OL017 


— Goth § SP sais == pit 

+ .984 + .751 + .83 

sp dO SB HOR] + .09 
Lormals. 

+0.152y — 0.3385 =— 0.096 

+ 2.516 ~-++. 1.176 + 1.050 

Lquations of Condition. 

— 0,522) + 0.4215) = — 0.02 

— .9gI + .651 + .10 

ar? fe)ie AP (ee = il 

== 073) 1-047 0 — II 
LVormadls. 


— 0.615 y —0.338s = + 0.134 
+ 2.090 — 0.606 


Equations of Condition. 


” 


=='0,702 9 “40,815 § c= -f- 0225 


— 995 + .791 + .23 

ap off7fil SP BIReyS — .28 

=> ies Sp ele) — .56 
LVormals. 


— 0.5607 —0.3055 =+ 0.879 
“es 2OO) Ol 1713 — 0.454 


OF THE RPLETADZS. 


— 0.885 
+ 0.212 


+ 0.903 
T5350 


v% 
— 0.13 — 
— .02 + 
x, = — 0.493 
Jy; = — 0.008 
+ 0.05 ae 
+ .O1 _— 
+ .06 + 


J, = + 0.214 
— 0.06 _ 
si 10 = 
F639 = 
— 27 — 
x, = — 0.109 
I, = + 0.424 
— 0.10 + 
+ .03 aa 
— .04 “fe 
= 40%) ae 
X= + 0.044 
J, = — 0.078 
— O11 _— 
ae 289 + 
+ .08 _ 
— .16 — 
x, = + 0.460 
J; = — 0.089 


% 
0.02 
.08 [vv], = 0.039 
.09 
04 [vy], = 0.017 
Solution. 
ty = — 0.491 47 0:37 5 
Jo=— 9.040 + 0.515 
0.07 
.O1 [vv], = 0.009 
.06 
.08 [vv], = 0.014 
Solution. 
X%,=+ 0.084 + 0.255 
Jo = + 0.260 — 0.425 
0.06 
19 [vv], = 0.268 
38 
.26 fiz) ==10.25)2 
Solution. 
4,=— 0.140 + 0.285 
Jo = +0468 — 0.485 
0.01 
.00 [vv], = 0.018 
.OI 
.00 [vv], = 0.001 
Solution. 
x, =+ 0.050 + 0.305 
Jy=— 90.095 + 0.385 
0.00 
14 [vv], = 0.079 
83 
s£1 [vv], = 0.049 
Solution. 
x, =+ 0.463 + 0.365 
Jg=— 0.123 + 0.635 


Wt. 1.68 
1.95 


Wt. 1.58 
2.41 


Wt. 1.47 
2.50 


Wt 173 
1.89 


Wt. 1.66 
2.03 


REDUCTION OF QUADRILATERAL MEASURES. 


Equations of Condition. 


My 

44 + 1.000% + 0.012y + 0.3675 =—0.17 

—0.185 — .983 + .428 — .48 

ROG 4 Ma O72) <5 33 + .20 

= 0.0265 1 6397 + 503 — OI 
LVormals. 

+ 1.946x —0.383y — 0.3035 =—0.119 


=-0:3635 122.053. + 0.29% + 0.660 


Equations of Condition. 


” 


45 + 0.961% —0.275y + 0.3835 =— 0.09 
okey 099 ei 6536 — .05 
OR re 057 429, ya 4 
=" 050: + 109 9+ .472 = my 

LVormats. 
=F92-002 4 — 0.505). — 0.3025 =-+ 0.145 


0.565 + 1.998 —0.146 + 0.162 


Lequations of Condition. 


” 


46 + 0.696% —o0.718y +05605 =—0.41 
— .070 — .998 + .829 “1.29 
= 679 + .734. + .153 — .12 
— .98 — .439 + .495 + .28 

LVormals. 
+ 1.758% —0.535y —0.2165 =—0.473 
— 0.535 + 2.243 — 1.335 — 0.206 


Lquations of Condition. 


” 


47 +0.675x —0.738y +0.5995 =+ 0.23 


— .050 — .999 + .869 + .47 

— .779 +. .627 -<-+ .114 — .85 

— 869 — .512 + .502 + .06 
LVormals. 


+ 1.804% —0.499y —0.1585 =-+ 0.740 
—0.499 +2.198 — 1.497 — 1.203 


Equations of Condition. 


” 


49 + 0.999% + 0.0507 + 0.4685 =— 0.46 
ee 05%, ei) 999 + 402 — .I5 
— 045 + .999 + -538 — .21 
— .868 + .496 + .421 + .02 

LVormals. 
+ 1.756% —0.477¥ + 0.1005 =— 0.476 


—0.477 + 2.244 + 0.366 — 0.073 


=- 0.120 
+ 0.735 


+ 0.167 
+ 0.184 


— 0.468 
+ 0.006 


4, = => 0.002 


J, = + 0.322 
— 0.16 _ 
+ 07 + 
+ .07 + 
— -19 — 


a3 [vz], = 0.085 
.07 [vv], = 0.048 
Solution. 


” 


x =-+ 0.009 + 0.135 


Mo = + 0.360 —O.125 
0.07 
.08 [vv], = 0.070 
08 
a [vv], = 0.030 
Solution. 


” 


%,= + 0.116 +"0.18.5 


Jo= +0108 +0125 
0.21 
.05 [vv], = 0.159 
29 
.08 [vv], = 0.075 
Solution. 
X= — 0.316 + 0.335 
Jn =— 0.212 + 0.675 
0.23 
.05 [oe = 0,212 
29 
.08 [vv], = 0.149 
Solution. 
x, =+ 0.286 + 0.295 
J2= — 0.538 — 0.745 
0.11 
.19 (ai = 0.129 
-12 
23 [27 |, = 0.079 
Solution. 
X%, = —0.281 —o.11s 
Jo =— 0.058 —0O.198 


77 


Wt. 1.87 
1.98 


Wt. 1.84 
1.84 


W tots 
2.08 


Wt. 1.69 
2.06 


Wt. 1.65 
2.11 


78 


50 + 0.982% 


52 


53 


55 


+ 012 
— .090 
997 


Por 
al 
nO 
(2) 
co 
8 


Pe 
Lal 
a 

Na) 
oy 
8 


eas 
be 
co 
“N 
ie) 

8 


[+++ 
Go 


[+ 
= 
© © 
Ne) 
Ts 
8 


GROUP 


Equations of Condition. 
My 


—o.185y +04625 =+ 0.53 


— 1.000 + .510 + 0.16 

= OLOO5u at AL —iOvbL 

+ 0.255 + .393 — 1.03 
LVormats. 


” 


—0.530y + 0.0405 =-+ 1.530 


+ 2.089 — 0.069 — 0.630 


Lguations of Condition. 


w” 


+ o.080y + 0.5075 =— 0.07 

—o0.989 +. .389 — .25 

+ 1.000 + .555 — .14 

+ 0.567 + .398 — .36 
LVormals. 


—o51ry +0.2485 =+ 0.187 
+ 2.306 + 0.437 — 0.103 


Equations of Condition. 


—o.120y + 0.5205 =-+ 0.22 
— .990 + .492 + .14 


+ .999 + -452 — .o6 
“3 Ok este. 310 — .34 
LVormats. 


” 


—O.541y' + 0.2915 = -+ 0.553 
+ 2.122 + 0.026 — 0.347 


Liquations of Condition. 


” 


— 0.403 vy + 0.6235 =— 0.25 

— .984 + .687 — .21 

+ 956 + 275 +) 207 

<2 HN ao 23 = 36X0) 
LVormals. 


—0.030y + 0.5085 =+ 0.131 
+ 2.104 —0.731 + 0.468 


Lquations of Condition. 


” 


—o217y +0.6135 =— 0.39 

— .965 + .578 — .38 

4.003). set) 3305 — .06 

+ .216 + .241 — .14 
Normals. 

— 0.413 y +0.6195 =— 0.359 


+1952 — 0.362 + 0.363 


OF THE ZPLETADES: 


+ 1.552 
— 0.587 


+ 0.201 
— 0.027 


hetcal 


” 


— 0.313 
+ 0.385 


— 0.24 — 0.17 
+ .05 + BY 


-- -.06 + 


.O 
— .26 — .16 


A O17 2 a — 
WL = — 0.106 Y= 


— 0.17 — 0.12 
— _.29 — .24 
— .12 — .12 
— .26 — .20 


= O104 4, = 
y=—0022 Y= 


4, =F 0:206 


[or } == 0.13% 
[vv], = 0.068 
Solution. 
ap o76d —0O.01Ss 


— 0.080 + 0.035 


[20], = 0.194 


[vy], = 0.127 
Solution. 


$+ 0.124 —0.225 
+ 0.016 —0.245 


[vv], = 0.006 
[vv], = 0.004 


Solution. 


y= — 0.095 py =— 0.070 —o.065 


— 0.23 — 0.15 

— .00 — .o1 [vv], = 0.149 

— .16 — .12 

— .26 — .17 [vv], = 0.066 
Solution. 

4, =-+ 0.073. *,=+0.105 —0.265 


H+ 0.223 Po= 


+ 0.215 + 0.348 


— 0.22 — O14 

— .19 — .16 [vv], = 0.212 

— 17 — J 

— 31 — .22 [ov], = 0.115 
Solution. 

x, =— 0.143 *,=—o0118 —0.285 


N=+0156 y= 


+ O172 4 Obes 


Wt. 1.77 
EOS 


Wt. 1.58 
2.15 


Wt. 1.74 
1.97 


Wt. 1.89 
2.10 


Wt. 1.96 
1.87 


56 


57 


58 


59 


60 


+ 0.991 x 
+ .289 
+ .246 
— .916 


1.968 « 
0.542 


es 


[+ 
Sy 
(eo) 
iS) 
~ 
8 


ee 
em 
an 
N 
Ke) 
& 


REDUCTION OF QUADRILATERAL MEASURES. 


Equations of Condition. 


a 
— 0.137 y + 0.6065 =— 0.33. 
— .956 + .531 — .36 


907) 4-444 + .03 
+ .402 + .254 +. 337 


LVormatls. 


— 0.542 y + 0.6315 =— 0.763 
+ 2.033 — 0.059 + 0.566 


Lquations of Condition. 


” 


—0.360y + 0.6485 =— 0.22 

™ 072 + .677 + .08 

+ +927 + 303 ee) 

ar 2OOeeee 6233 — .05 
LVormals. 

—0.013y 0651s =—o.172 

+ 1.974 — 0.659 — 0.0972 


Equations of Condition. 


” 


+o118y +0.6155 =—0.21 

=i 907° + .389 + .09 

+ .980 + .599 — 12 

+ .758 + .340 — .13 
LVormals. 

—o0.564y + 0.6725 =—o.1I0 
+ 2.177. +0.797 — 0.323 
Lquations of Condition. 
+o0.102y + 0.6265 =-+ 0.01 
— .goo + .402 + .38 
+ .975 + .592 — .18 
+ .764 -+ .326 — .7I 

LVormals. 

—0.566y +0.7195 =+ 0.592 
aee3 54) 2 00527 — 1.059 
Lquations of Condition. 
—o.026y + 0.6335 =+0.31 
— .922 + .479 + .26 
+ .962 + .518 — .44 
+ .647 + .261 — .30 


Normals. 
—o615y +0.7625 =+ 0.519 
+ 2.191 + 0.209 — 0.865 


see lacie | 
S 


| ++ 
: 


Y% 
+ 0.03 — 
— .08 a 
— -O7 — 
— .Oo1 + 
Te ee 339 


W=+0189 y= + 0.217 


— 0.15 — 
ap dey s 
— .02 + 
x, = — 0.085 
i= FER 7 / 
— 0.06 

— .or + 
Be cr Ge 
—_ :09 — 
4 = — 0.125 
Jy = — 0.165 
— 0.17 -- 
oes 07 ok 
+ .16 + 
— .26 — 
i Os228 
J, = — 0.396 
+ 0.13 + 
— “13 — 
— +1S — 
+ .06 + 
x, = + 0.169 
SS CBSE) 


79 


V2 
0.09 
.04 [vv], = 0.013 
+05 
.06 [vy], = 0.017 
Solution. 
X%,=— 0.315 —0.345 Wet. 1.82 
— 006s 1.88 
0.07 
.03 [vv], = 0.048 
-02 
.04 [vv], = 0.008 
Solution. 
X%,=— 0.056 —0.325 Wt. 2.03 
Jy=— 0.045 + 0.335 1.97 
— 0.04 
.03 [27], =10.017 
.06 
04 [vv], = 0.008 
Solution. 
X,=—0.070 —o.545 Wt. 1.49 
Je=— 9.127 — 0.375 2.18 
0.15 
.08 [oo |= 0.128 
a 
20 [vv], = 0.091 
Solution. 
X%,=+0.260 —0.555 Wt. 1.51 
Jo = — 0.356 —0.365 2.16 
0.16 
.08 [vv], = 0.059 
auG 
12 [vv]. = 0.069 
Solution. 
X%,=+0.209 —o505 Wt. 1.64 
Jo=— 0311 — 0.248 1.98 


80 


61 + 0.950% 
+ .683 
+ .210 
— .423 


+ 1.592% 
— 0.380 


62 + 0.896 x 
+ .290 
+ .726 
— 714 


=) 1.9244 
ae OL Ari 


63 + 1.000% 
+ 0.463 
+ 0.355 
— 0.676 


+ 1.798 x 
— 0.603 


64 + 0.999 x 
+ .481 
+ .398 
+ .661 


+ 1.824% 
— 0.602 


65 + 0.998 x 
Sy 
aE 22358 


— .492 


Se OKAY he 
— 0.498 


GROUP 


Equations of Condition. 
iy 


+o.311y + 0.6805 =-+ 0.22 


50 ae 22 + .o1 

+ 978 + .742 — .22 

+ .906 + .438 — .20 
Normals. 


—o.380y + 0.8165 =-+ 0.256 
+ 2.408 -+ 1.121 — 0.335 


Lquations of Condition. 


—0444y +0.7585 =—0.14 

— .957 + .796 + .13 

+ .687 + .258 — .14 

— .698 p27 ar sexe 
LVormats. 

+ 0.3217 +0.9425 =— 0.404 

+ 2.074 — 1.072 — 0.369 


Lequations of Condition. 


—o0.026y + 0.6805 =+ 


— .886 + .500 — .18 

SP ORE FE -dERO == OE 

To 3y) © ts +227 Sede) 
LVormals. 


— 0.603 y +09465 =-+ 
+ 2.204 + 0.212 


Equations of Condition. 


” 


— 0.048 y + 0.7005 =— 0.82 

—~ 9077 1-524 — .20 

Se ASE ae Mees = .70 

sr df/§O 4p Hee = .I3 
LVormals. 

— 0.602 y + 1.0255 =—1.107 

= Bolg Sp Ch) — 0.524 


Equations of Condition. 


” 


+ 0.065 y + 0.7035 =—o0.12 

— .831 se Asta) == Alo 

+ .936 + .598 — .04 

+ 870 + .265 sae 
LVormals. 

— 0.498 y + 1.0335 =— 0.029 

ae 223.27) ate O14 57 > eps 


OF THEVPLETAUVES. 


Ny , 
sp OYA + 0.13 + 
+ .06 — .17 _ 
2 17 — .13 — 
— 115 — .04 _ 
+ 0.306 we, == + 0.132 
— 0.268 Jy = — 0.118 
— 0.03 — 0.04 — 
“15 + .04 + 
— .10 + .I0 + 
+ .34 + .06 ap 
— 0.299 X= — 0.185 
O43 7 Ji AH 0-559 
aE CrE© + 0.11 + 
— .15 — .28 — 
OG = sil = 
— .24 — .12 —_ 
+ 0.610 4, = + 0.322 
— 0.009 J, = + 0.058 
— 0.75 — 0.08 = 
— .17 — .23 — 
— .65 + .o1 oh 
— .07 — .29 — 
— 1.044 My == 755 
— 0.464 Jy = — 0-446 
— 0.05 — 0.06 ~_ 
— .25 — .37 — 
+ .o1 + .10 + 
Ta0 Ao — 45 = 
+ 0.055 x, = — 0.056 
— 0.213 Jy = — 0.130 


-12 [vv], = 0.063 


00 [vv], = 0.041 
Solution. 
%,=+ 0.173 —0.655 Wt. 1.53 
Vn — 0.084 — 0.575 2.32 
0.00 
00 [vo], = 0.017 
12 
cate: [vv ]z = 0.028 
Solution. 
X,=— 0.124 —0.595 Wt. 1.87 
Jo = — 0.192. + 0.615 2.02 
0.13 
24 [vy], = 0.130 
7 
.06 [vv], = 0.107 
Solution. 
X%,=+0374 —0.615 Wt. 1.63 
Je=+ 0.098 —0.265 2.00 
0.06 
.19 [vv], = 0.146 
-O1 
23 [vv], = 0.094 
Solution. 
X_,=— 0706 —0.645 Wt. 1.66 
JVe=— 0.409 — 0.2485 1.98 
0.05 
33 [vv], = 9.354 
09 
41 [vv], = 0.284 
Solution. 
x, = + 0.006 —o0.725 Wt. 1.56 
Ve=— 0.090 — 0.355 2.18 


66 + 0.941 x 
+ .360 
+ 645 
— 871 


ae US ee 
+ 0.268 


67 + 0.955% 
= 5032 
SP GGUG, 
— .214 


ee De75200 
— 0.085 


68 + 0.985 x 
+ .744 
+. .398 
— .185 


+ 1.716x 
— 0.147 


S11, 


DEDUCTION OF FINAL RESULTS. 


Equations of Condition. 


My 
— 0.337 +0.7555 =— 0.38 
eee 93s 729 Seo, 
a7 04a} 340 +507 
eGo fers 4 T — .08 
LVormals. 
+0.268y + 1.0695 =—0.375 
+ 1.809 —0.743 + 0.565 


Equations of Condition. 


” 


+ 0.296y + 0.7755 =+ 0.16 


SSA e353 7 4§ 
+ .948 + .785 + .49 
+ .977 + 425 — .09 
LVormals. 
— 0.085 y + 'I.1935 = — 0.046 
+ 2.249 + 1.194 + 0.672 
Liquations of Condition. 
+o171y + 0.7835 =— 0.06 
— .668 + .436 — .48 
=p dS, Se key] Os 
+ .983 + =325 03 
LVormals. 
—O147y + 1.3185 =— 0.402 
+ 2.283 + 0.810 + 0.385 


81 


Wt. 2.15 
1.78 


2.25 


Wt. 1.71 
2.27 


VY; UV, 

— 0.06 — 0.02 

+ .03 + .or [vv], = O.01 7 

= 605 — .00 

— .Io — .03 [vv], = 0.001 
Solution. 

4%; =— 0.213 %,=—0.169 —o0.555 

J, = + 9345 J2=+ 0.306 + 0.495 

+ 0.08 + 0.06 

— .27 — .25 [vv], = 0.276 

+ .21 + .22 

— .38 — .36 [vv], = 0.248 
Solution. 

x, = — 0.012 x, = + 0.050 —o.71s Wt. 1.75 

A= +0298 y= + 0.323 —0.565 

+ 0.13 + 0.12 

— .21 — .19 [vv], = 0.089 

— .00 — .00 

— .16 — .15 [vv], = 0.071 
Solution. 

x,=— 0.220 #,=—0.160 —o081s 

Jy +O1§4 Jg= +0182 —0.415 


DEFINITIVE RESULTS. 


COMPARISON AND COMBINATION OF THE TWO MEASUREMENTS AND DEDUCTION OF 


Berore proceeding to the comparison of the two triangulations, I must state the results I 
have arrived at as to the internal agreement of the measurements. 

The probable error of one observation of distance I have deduced from each set of 
measures as given in the preceding sections, and I have arranged the means of the results 
according to distance and magnitude, taking for each of these factors four groups, as will be 


seen from the table which follows : — 


6 


82 GROUP OF THE~PLEIADES. 


Probable Error of one Observation of Distance. 


Distance. 


Magnitude. = ; x = 


© to 100, 200 to 300. Mean. 


Ww Sets, fs u cs Sets. 


2,0 t0725 ELONLO4 MLZ ; 10.120 , + 0.148 114 


Ome seal ABD iy ; 0.144 0.169 90 
Shy ES Cores) 0.199 14 é 0.202 0.223 90 
S90 19:2 0.267 15 ; 0.305 0.276 102 


” ” a” 


Means, OpAUy]? is : 0.197 126 0.203 396 


From these figures it appears that the variations of scale-value have exercised no appreciable 
influence, as for all distances the probable error is sensibly the same; the brightness of the 
star has had, however, a large effect; below 7.5, the values in the last column are nearly pro- 
portional to the magnitude. 

What is, however, of especial interest, is to’ascertain the probable errors of a concluded 
distance, that is, including not only the casual error of observation but also the sources of 
error peculiar to the distance under consideration. These may be derived from the residuals 
of the insertion of the stars into the Quadrilateral, as shown on pages 68 to 81. Using the 
same groups for magnitude as above, we get the following values, to which I have joined the 
values of the above table divided by 4/3, the number of observations, and the residual error 
resulting from the combination of these two series of values : — 


Probable Error 
Magnitude. from Insertion of Stars into 
Quadrilateral. 


Observational Error for : 
3 Observations. Residual Error. 


” ” ” 


+ 0.103 | + 0.085 10.059 
Ont2e 0.098 0.075 
0.142 0.129 0.060 
0.188 0.159 0.100 


These residual errors appear also to be influenced by the star’s brightness; but as the effect is 
not very pronounced, I have considered the mean value + 0’.073 as a sufficient approxi- 
mation for the use I shall make of it. 

For the position-angles I have deduced the following values for the probable errors of one 
observation, and I give at the same time their ratio of accuracy to those of the distances : — 


DEDUCTION OF FINAL RESULTS. $3 


Probable Error : 
Magnitude. OHOUCIOBSERVALOENO? Ratio of Accuracy to those 


Position-Angle. 


of the Distances. 


SON 7H) 0.83 
0.236 0.72 
0.289 0.77 
0.378 0.73 


The mean ratio of probable errors is 0.77, or the relative weight of one observation of 
position-angle is but 0.59 of that of one of distance. I have assumed that the residual error 
for the position-angle measures is in the same proportion, or equal to £0”.073 : 0.77 = +£0".095. 
I have furthermore adopted the relation between probable error of one distance observation 
and magnitude shown in the following table, where is also given the resulting probable errors 
of distances and position-angles depending upon three and eight observations and the corre- 
sponding weights, that of a result with a probable error of t0”.20 being taken as unity : — 


3 Distances. 8 Distances. 8 Position-Angles. 
Adopted 
Magnitude. Prob. Error. 


1 Distance. Prob. Relative Prob. Relative Prob. Relative 
Error. Weight. Error. Weight. Error. Weight. 


0.088 : O.114 
.088 ‘ -IT4 
-088 : -II4 
-0gI : 118 
-093 : -I21 
.095 : 123 
-0907 : 127 
«100 C .130 
BLO? 3: el 
2105 -136 
.108 .140 
-I10 +143 
sie 147 
116 Sts 
119 155 
MD .158 
.124 pillar 
127 165 


3:0 to 7.5 
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OND AWON NN 


7.6 
7-7 
7.8 
7:9 
8.0 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.8 
8.9 
9.0 
g.1 
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With these data I have computed for each star and each triangulation the weight of both 
co-ordinates, and have collected these results in the table which follows, , and g, denot- 
ing the weights for the Quadrilateral and polar co-ordinate method respectively, and ¢ the 
probable error corresponding to the sum of the weights, or the final probable error of each 


co-ordinate. 
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Stars 5, 48, 51, and 69 are the four stars a, 8, y,6, of which the probable errors have been 
already discussed, and 45 is 7, of which the place is to be assumed. 

I now proceed to the comparison of the two triangulations; the places of the stars assumed 
for adjustment into the Quadrilateral being those of the distance and position-angle measure- 
ment, the corrections x, and y, are the direct differences of the two measurements: arranged 
in the magnitude groups we find: — 
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Comparison of the Two Triangulations. 


Magn. 3.0 to 7.5. Magn. 7.6 to 8.1. Magn. 8.2 to 8.8. Magn. 8.9 to 9.2. 
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The means seem to show there may be still a small difference of origin of co-ordinates 
between the two measurements, or that the measures of the four Quadrilateral stars from 7, 
which served to unite the two systems, are still capable of improvement. The general mean is 


” ” 


x =— 0.095 , y =— 0.032, 


if we give all stars equal weight; giving the several groups the weights 4, 3, 2, and 1 respect- 
ively leads to the values 


” ” 


*=—oO.1IO, JY =-— 0.001, 


showing an apparent systematic difference of about o”.10 in right ascension. I have, how- 
ever, concluded not to take it into account in combining the two measurements; as both of 
these have nearly equal weight, that of the Quadrilateral measurement being somewhat 
the greater, as seen from the table on p. 84, the effect of such a systematic difference may 
be secured by simply applying the correction 


” 


— 0.06 


to the absolute right ascension of », if desired. 
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The comparison of the two triangulations given above furnishes the following probable 
errors of one difference of co-ordinates, and hence, assuming approximately equal weight for 
each determination, the final probable errors of one co-ordinate for each group. To these I 
have added the means of these same values as determined by the internal agreement of each 
measurement deduced from the table on p. 83, and the residual errors resulting from the 
comparison of these two sets of probable errors : — 


Prob. Error of one 
Co-ordinate from Values in 
previous Column. 


Average Prob. Error from 
Internal Agreement. 


Prob. Error of one Difference 


of Co-ordinates. Residual Error. 


Magnitude. 


+ 0.150 i 0.075 + 0.064 + 0.039 
159 .080 .068 .O41 
198 .099 .082 .055 
+270 135 .096 095 


It appears to me that for the first three groups, or down to the magnitude 8.8, the agree- 
ment between the two values of the final probable error of one co-ordinate, as derived from 
the discrepancies between the two triangulations and from the internal agreement of each tri- 
angulation, is sufficiently satisfactory ; and it is more so if we adopt the systematic correction 
of —o”.10 between the two measurements, in which case we get for the residual errors of 
these groups the yet smaller values +07.031, £0”.039, and +0”.035. For the fourth group 
there appears to be more systematic error, and these fainter stars are not as reliable as 
the others. On the whole, I think we may be justified in retaining the system of weights 
deduced from the internal agreement of each measurement for their combination into a final 
result; only it will be advisable to multiply the final probable errors e given above for the 
first three groups by 1.2, and by 1.4 for the last group. We thus arrive at the following final 
places, together with the precessions and secular variations computed from the Pulkowa 
constan ts -— 


final Results of Yale Measurements. 


Bessel’s No. - || Right Asc. 1885.0. Precess. | Declination. 1885.0. Precess. 


54 13 15.38 | + 53-3329 |+ 0.2704 |+24 o 33.48 |4+ 11.7245 
22.97 .4016 2718 24 32.44 -7050 
27.69 -2667 .2676 oe 8.05 -6762 
49.57 +3566 -2699 24 I 52.03 6744 
30.59 +3295 +2085 23 36.15 -6475 
42.31 -2714 -2668 2.82 6417 

5-59 Bay -2680 | Ee ee 6256 
9.15 +1372 .2629 26.11 6253 
30.52 5254 ap i 38.20 .6237 
26.66 3994 2697 £0.37 6192 
13-19 5584 -2736 37.30 -6107 
3.82 5475 2733 28.64 .6067 


16 g Celaeno 
17 } Electra 


18 m 
19 ¢ Taygeta 


6.5 
4-7 
8.9 
8.6 
6.3 
5:0 
8.9 
g.2 
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Star. 


Bessel’s No. 


Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
Anon. 
20 ¢ Maia 
Anon. 7 

21 & Asterope 
22 2 Asterope 
Anon. 8 
Anon. 9 

23 @ Merope 


nw WN 


Anon. 


Anon. 


Anon. 
Anon. 


Anon. 
Anon. 
Anon. 
Anon. 
24 p 

Anon. 
Anon. 
Anon. 


Anon. 
Anon. 


Anon. 


25 7 Alcyone 


Anon. 
Anon. 


Anon. 


Anon. 
Anon. 


5 ASG 
27 f Atlas 
_ 28 h Pleione 


Anon. 
Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
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| Right Asc. 1885.0. 
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8.0 


8.4 


55 


19 


” t 


734 | +53: 
Foot d : 
24.60 
BOP 
50.23 
13.91 
46.01 
45-53 
29.12 
51.04 
58.30 
54-07 
27-74 
30.72 
13-48 
21.97 
20.11 

3-53 
53°93 
36.32 
52.66 
14.05 
35.86 
729 
17-22 
43-33 
54-73 
9-34 
46.24 
41.83 
27102 
42.38 
43-96 
56.77 
23.01 
34-85 
40.71 
12-89 

5:07 
47-21 
591 
44-46 
51.87 
10.34 
35-01 
23-41 
38.22 
46.68 
24.52 
31-15 
48.23 
59-°7 
20.87 
2-59 
55-06 
5-19 
31-38 


CeSS. 


Sec. Var. 


f Declination. 


1885.0. 


Precess. 


, 


2577 
4065 


2775 
.5616 
+3045 
4645 
*3497 
+3799 
2087 
4457 
-4399 
+3305 
3295 
+2484 
3559 
+1440 
+3087 
-4593 
+5639 
2813 
-3799 
.2100 
+3314 
1947 
3362 
+3290 
.2219 
4921 
5167 
+2615 
-1821 
3912 
3282 
.1622 
-1417 
6470 
-4183 
S302 
.1146 
-4338 
3791 
2763 
3484 
3775 
2923 
og Xv 
4657 
4213 
55600 
2438 
4278 
4218 
-4679 
3534 
“5849 
+5302 
3549 


+o. 
.2693 
.2058 
PH RT 
-2680 
-2706 
2675 
.2681 
2651 
-2697 


-2693 
2661 


.2660 
.2638 
2664 
+2605 
.2648 
2082 
-2708 
2634 
2658 
2613 
2643 
.2607 
-2044 
2642 
2613 
2084 
-2690 
2623 
-2600 
-2656 
2039 
°2593 
2585 
+2703 
2652 
+2037 
-2567 
-2650 
2634 
.2601 
2616 
2623 
2001 
.2646 
2643 
2633 
2664 
2579 
2027 
-2623 
2634 
-2588 
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2655 


2659 


.2642 
2589 


1+ 23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
24 
23 
23 
23 
23 
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25.91 
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8.32 
20.30 
43-54 
28.92 
59-17 
40.51 
26.28 
42.61 
39-36 

4:57 

9-51 
49-54 
20.80 
45-52 
55-48 
4.24 
44.64 
44-13 
15-98 

9.52 
24.90 
16.34 

193 
55:49 
35:50 
47-31 
53-96 

1.98 
28.36 
18.03 
54-43 
54-71 
Ei.73 
13.61 
57-57 
48.65 
12.77 

0.37 
28.16 
37-43 
15.65 

ei 

2.98 

3-14 
37:24 
43-29 
44-19 
36.27 
37:87 
34°97 
57-87 
52-99 
52:39 
5O-74 
42.08 
45-94 


” 


+ 11.6016 


“59353 
5908 
5854 
5887 
-5869 
5843 
5748 
5714 
-5696 
"0590 
5455 
“479 
+5378 
5296 
5194 
5148 
4923 
4883 
-4849 
4787 
4771 
4705 
-4680 
"4672 
4651 
4643 
40631 
-4602 
4605 
-4569 
4557 
*4550 
4450 
-4378 
+4132 
-4031 
4102 
+3916 
-3834 
3772 
+3499 
3349 
3334 
+3314 
3276 
B25 
-3161 
23122 
2932 
-2919 
2813 
2796 
-2702 
2575 
2423 
2112 


Sec. Var. 


— 0.4277 
4291 
4281 
-4295 
-4286 
-4296 
4288 
.4292 | 
4284 
4298 
4299) 
4293 
-4293 
-4288 
4298 
4283 | 
4297 
4312 
4321 
-4300 
-4309 
-4296 
-4307 
-4296 
+4308 
4307 | 
ae 
-4320 
aS 
+4303 
-4298 
4314 
-43°9 
-4298 
+4298 
4342 
-4326 
-4318 
+4304 
4331 
4346 
4373 | 
4332 
4335 
4328 
4343 
4348 | 
4342 
-4353 
4332 
-43.46 
-4347 
4351 | 
-4338 
+4304 
-4363 
4354 
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The precessions and secular variations have been computed by interpolation from the follow- 


ing tables : — 


Annual Precession in Right Ascension. 
Annual 
Precession in 


Decl. 5a. o! ie 30! 24° o! Declination. 


” 
” w” 


tT 52.9730 + 53-3097 + 11.7871 
53-0164 53:3552 11.6451 
53-0593 53-4002 11.5021 
53-1016 53-4446 11.3583 
53-1434 53-4884 . 11.2137 


Secular Variation of Precession in Right Ascension. 


Decl. 23° Of Ae eo)! 2400" 24° 30! 


+ 0.2625 + 0.2670 + 0.2715 + 0.2759 Change for 100 years, 


.2604 2647 2691 2755 or third term of Precession. 
2582 -2625 -2668 oy 


-2560 .2603 2646 .2689 ” 
2538 2581 12624 .2666 — 0.0037 


Secular Variation of Precession in Declination. 


t 


Decl. 23° 0 23° 30! 24. oO! 


” ” 


— 0.4235 — 0.4248 Change for 100 years, 
4264 ali ‘ or third term of Precession. 
+4293 +4307 
-4322 4336 
4351 4365 : ieee 


wo 


§ 12. THe KonicsBerc HELIOMETER MEASUREMENTS. 


Srvce the reduction of Brssgx’s Koénigsberg work several facts have come to light con- 
cerning the Kénigsberg Heliometer, and Heliometer work in general, which make a revision 
of his determinations necessary before they can be considered as final. | 

In the first place, it has been shown that the temperature co-efficient of the Kénigsberg 
Heliometer screw-value used by BrsseL is undoubtedly erroneous. This was first made 
apparent in WicHmAnn’s reduction of his and Scuturer’s observations for determining the 
parallax of the star 1830 Groombridge. He found the values 
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— 0.000019 76 + 0.00000183 (Astr. Nachr. 841-844) 
— 0.000011 74 + 0.00000185 - ‘a , 


from ScuLurer’s and his own measures respectively, and in the discussion which ensued, 
Peters deduced from Scuttirer’s Pleiades observations by themselves the value 


— 0.00001 243 + 0.00000073 (Astr. Nachr. 865) , 
whereas Bessev had found from all the Kénigsberg Pleiades measures 
— 0.000003 78 + 0,00000045 (Astr. Unters. i. p. 126). 


The question was again taken up by Auwers, and from a discussion of four series of measures 
of his own he finally adopted the value 


— 0.0000085 4 + 0.00000099 (Astr. Nachr. 1415). 


The Bonn Heliometer, an instrument presumably the same in all essentials of construction 
and material as the Kénigsberg instrument, gave the following values : — 


— 0,00000807 + 0.00000069 (Krucer, Astr. Nachr. 1403) 
— 0.00000761 0.000001 36 os e ve 

— 0.00000839 0.00000108 et e + 

— 0.00001 379 ( WINNECKE, E205); 


agreeing in the mean with Auwers’s value, which appears to be the most plausible one we can 
adopt at present, and being over twice as large as Brsset’s value may effect a change in the 
reduced distances to the extent of o”.5 in an extreme case, 

This modification of the temperature co-efficient leads necessarily to a change in the 
screw-value. In BrsseEt’s reduction the values given by his ¢hzrd and fourth methods, which 
are the only two which need to be seriously considered, agreed well, as follows: — 


” ” 


R = 52.89036 + 0.00212 by the third method 
5 2.89329 See fous ae, 


but if we adopt Auwers’s temperature co-efficient the two values become: — 


oom 52.882 35 by the third method 

5 2.89456 SR OUTTA ain 
differing so much as to amount to over 1” in the entire length of the Pleiades group. It 
becomes therefore a matter of some importance to decide whether we are to follow BEssEL 
and take the fourth value as final without regard to the others. 4 przort it would seem 
that this fourth method upon which Besset lays so much stress, namely, the measurement of 
the focal length of the object-glass and the size of the screw-threads, would be the more 
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likely to be subject to systematic error for the reduction of stellar distances. The tempera- 
ture conditions which obtain, during the measurement of these dimensions are very different 
from those during actual sky observations, and there is some considerable chance of a sys- 
tematic difference in focal adjustment for bright stellar points and the opaque sights used by 
BessEL; and there are other minor points which might be urged against this fourth method. 
At the same time the undoubted advantages presented in general by BrssEv’s ¢hzvd method, 
the measurement of a line of stars of which the end ones are located by meridian observations, 
are somewhat impaired by the circumstances under which it was applied in this case. The 
measures were made at a low temperature (18° F.), some 15° to 20° lower than the bulk of the 
Pleiades measures, and are therefore, as Besse himself allows, likely to be somewhat unrelia- 
ble. Furthermore, being made by ScutTer alone, they could not legitimately be employed 
for BEssEL’s measures without some reduction; and, finally, the meridian observations which 
fix the length of the zone were not of very high accuracy, the difference of declination of the 
two end stars upon which this length principally depends ranging over as much as 8”.4 on the 
several days. Jt appears to me, therefore, that the internal evidence is not sufficient to decide 
for one or the other of the two methods, and that the best course to pursue is to appeal to 
the comparison with the Yale observations. Before stating the results of this comparison, 
I must show how I have derived the most probable results from the Kénigsberg work. 
The abservations made from 1829 to 1841 fall into several distinct groups, as follows: — 


(1) In 1829 and 1830 the ten brighter stars were observed by BESSEL a few times each ; 

(2) These same ten stars were also observed a small number of times by PLANTAMOUR in 1838 ; 

(3) In 1838, after a few intermediate observations in 1836 and 1837, BEssEL resumed the work on these ten 
bright stars, and also commenced to observe some of the small stars ; 

(4) The observations were taken up by SCHLUTER in 1839, who in addition to two series on the bright stars in 
the winter of 1839-40 and the summer of 1840 secured nearly all the measures of the forty-two 
smaller stars during the two winters 1839-40, and 1840-41. 


Each of these groups and series is to be considered as independent, and in the following 
tables I have given the values for each group of the distances of the ten bright stars from 
Alcyone, which result from the introduction of AuweErs’s temperature correction. I must also 
state that for the first three groups I have subtracted the correction for periodic screw-error 
applied by BrssEL, according to the researches of Professor Auwers, who has found that it 
is questionable whether these corrections are really applicable to the results of those years. 


Konigsberg Distances of the Ten Brighter Stars in the Pleiades reduced with Auwers’s 
Temperature Factor. 


1-8 i Mees. 
Bessel 1829-30 ie 2 Obs Bessel 8 
2Q- . . Ss 1529-30 0.5232 . 
Plantamour 1838 4632 4 Plantamour 1838 i : e ie : me 
Bessel 1838-39 4661 8 Bessel 1838-39 Sree to 
Schliiter 1839-40 4497 8 Schliiter 1839-40 - 5169 8 
as 1840 4571 6 S 1840 +5218 6 


Mean, 43-4578 Mean, 40.5244 
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Schliiter 


Bessel 
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Bessel 
Schliiter 

“cc 
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ye 
1829-30 
1838 
1838-39 
1839-40 
1840 


Mean, 


iG 


1829-30 
1838 
1838-39 
1839-40 
1840 


Mean, 


n—k 
1829-30 
1838 
1838-39 
1839-40 
1840 


Mean, 


n—7Z 
1829-30 
1838 
1838-39 
1839-40 
1840 


Mean, 


R 
43.0609 


.0634 
.0628 


.0482 
0543 


43.0568 


R 
31.3230 
3301 
-3290 
3234 
=3227 


31.3254 
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39.1623 
-I590 
1592 
.1500 
58 
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3870 
3779 
3771 
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Mean, 
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Mean, 
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1838 
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1839-40 
1840 


Mean, 
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20.9226 
.9189 
9265 
92335 
9185 


20.9223 


R 
28.2426 
.2514 
-2547 
.2469 
224) 
28.2485 
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36.5207 
5252 
5276 
+5203 
5208 
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The means have been derived by attributing half weight only to the first two groups, 


given the average mean deviation of each group from the final adopted means. 


1829-30 
1838 
1838-39 
1839-40 
1840 


Number of Obs. 38, 


27 
88 
74 
60 
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which rest on much fewer observations, as is shown in the following table, where I have also 


R ”" 
— 0.00074 = — 0.039 
+ 0.00482 + 0.254 
<=) 0.005 3 eats On2i7ek 
— 0.00406 —0.214 
— 0.00307. — 0.162 


The comparison between these revised Kénigsberg distances on the two assumptions as to 
the screw-value, with the final results of the Yale work, stands as follows: — 
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K6nigsberg Distances. Yale — Konigsberg. 
Final 
Yale Distances. 


Screw-value Screw-value 
from Schliiter’s Zone. from Focal Length. Schliiter’s Zone. Focal Length. 


I. II. 


” ” 


2298.15 2298.68 2298.80 + 0.65 + 0.12 
2143.02 2143.52 2143-36 + 0.34 — 0.16 
2276.94 2 QTaeAuy 2277.42 + 0.48 — 0.05 


1656.56 1656.94 1656.87 + 0.31 — 0.07 
2070.63 2071.11 2071.05 + 0.42 — 0.06 
1924.00 1924.44 1924.37 Ou y — 0.07 
1106.42 1106.68 1106.75 + 0.33 + 0.07 
1493-85 1494.19 1495.46 + 1.61 = e2 7 
1390.91 1391.23 1391.29 + 0.38 ‘ + 0.06 
1402.59 - 1402.92 1402.83 + 0.24 — 0.09 


” aw” 


Mean without 75 + 0.39 — 0.03 


There is no doubt as to the motion of star s since 1840; but even including it would not 
change the conclusion that the screw-value derived from the measurement of the focal length 
of the object-glass and the size of the screw-thread is alone reconcilable with the Yale 
measures. This is confirmed by ScHLUTER’s observations of the forty-one smaller stars. 
I have revised the reductions of these by adopting Auwers’s temperature factor and reducing 
them to the same standard as the bright stars by the application of the mean systematic 
deviation of ScHLUTER’s two groups; that is, applying the correction 


R R 
+ 0.00356. Distance in Rev. : 33.60, 


+ 0%.00356 being the mean of the two values given above for ScHLUTER’s two groups, and 
33.60 the average distance of the ten bright stars. The results thus obtained are found in 
the following table: — 
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ScHLUTER's Distances of the 41 Smaller Stars in the Pleiades Compared with Yale Values. 


Distance. 


1702.14 
2029.86* 
1557-82 
1733-20 
2398.14* 
1614.25 
1355°35 
1080.33* 
1045.13 
1002.80 
680.33 
1547-98 
521.52 
1197.52* 
189.87 
1050.31 
1374.25" 
180.25 
116.83 
1091-59 
1741.27 


Cr AunfPhWwW WN 


Distance. 


1986.60* 
688.60 
1536.97 
659.78 
1786.27* 
2032.48* 
979-41 
2562.20 
1202.25 
1616.86 
1807.78 
1833.49 
1680.16 
2324.36 
1941.71* 
2035.98* 
2200.71 
2241.17 
2819.73 
2833.23 


SCHLUTER’s revised distances are here compared with the direct Yale values, which will not 
differ appreciably on the whole from the final results. In column I., the screw-value from the 
focal length, in II., that from the zone, is used. For those stars marked with a* the otal 
deviation from the Yale results exceeds 1”, and there is an almost absolute certainty that they 
have moved since 1840. I therefore have also taken the means excluding these stars; these 
means are : — 


Mean Deviation, Yale — Kénigsberg. Mean Distance. 
” ” R 
All 40 Stars, Konigsberg screw-value from focal length: — 0.07, from Zone: + 0.29 28.7 
Rejecting those és ‘ & ‘ “6 
0.10 + o. Zee 
marked *, ee ee ee 


showing sensibly the same thing as the ten bright stars. 

There can therefore be but little doubt that the value derived from ScHLUTER’s zone 
measures is erroneous; and it appears to me, in view of the small accuracy of the meridian 
observations, that it is not altogether impossible that the error lies in the meridian deter- 
mination of the length of the zone. The evidence on this point is, however, not quite 
conclusive. Buscu’s 10 meridian observations made simultaneously with SCHLUTER’s zone 
measures give for the length of the zone, the distance a /, 


yt (dd 


1840.0 1158.95 +0.52. 
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The stars were re-observed by ARGELANDER at Bonn in 1857 on ten nights, making @ f 


” w" 


1857.2 III§9-51 2+ 0.20, 


in near agreement with Buscu. I have lately measured the two distances a c and¢ f of the 
zone with the Heliometer as follows : — 


ac CT, 
R R 
1886 Sept.20 A= 391.915 — A = 489.378 — 
No . B88 2p © a! gel! a Ppaaa 36! 19! 
ov. 1 ‘ —=130 akeaG ; = 88¢.0 
2 892 4 6 ; She 432 38 9 PRE 
391-9075 39 3 25.5 489.4067 23 37 14.0 
= 4970.03 = 6206.49 
which give for the distance a f 
1886.8 11160.73 +'0.14, 


the probable errors being all simply deduced from the agreement of the observations and no 
account taken of possible systematic errors. From these figures, it will be seen, two conclu- 
sions may be drawn according as we consider the older results as correct within their probable 
errors, or, disregarding probable errors, consider the agreement with the Yale value as satisfac- 
tory. In the first case we will have to assume that there has been some relative motion of a 
and f, and the extrapolation from Yale and Bonn gives for 1840 


” 


11158.80, 


in close agreement with Buscu. In the other case we might combine the Konigsberg, Bonn, 
and Yale results with the relative weights %, 1, and 2, getting fora f 


” 


11160.13 , 


which value, if used for ScHLUTER’s zone, would reduce the discordance between the two 
methods more than one half. I cannot see any reason for preferring one of these assumptions 
to the other, so that for the present but little light is really thrown on the subject} 

The position-angle measurements at Kénigsberg do not seem to admit of any improvement 
upon Bessgx’s reduction. I have therefore adopted for the definitive places from the Kénigs- 
berg observations those which result from the introduction of the distances already given as 
deduced with the screw-value from the focal-length measures. The following table shows the 


1 I may state that it is not improbable that these stars, together with others of the Pleiades, were measured in 18 57 by WIN- 
NECKE with the Bonn Heliometer, and it is much to be desired that these measures were made accessible. At the same time I 
should like to express the wish that the determination of the screw-value of the Bonn Heliometer, on which besides other 
valuable work KRUGER’s measurement of the Cluster in Perseus rests, should sometime be made public. 
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correction to the distances deduced by Besse and the corresponding change in right ascension 
and declination. For the ten bright stars I have, however, included also the older position- 
angle measures in 1829-30, giving them the relative weight % in comparison with the newer 
ones in 1836-40. The corrections thus applied are : — 


ap ap 
N&  —0.05 = — 0.03 nt — 0.04 = — 0.02 
nb — .04 — .02 n@ — 12 — .04 
Wee LE — .08 nS ==) .O1 + .00 
ne — .09 — .04 nf + .05 + .02 
nk — .09 — .06 nk + 04 + .02 
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I will also give a comparison of the position-angles observed at Konigsberg with those 
directly measured at Yale. The Kénigsberg angles have been brought up to 1885 by the fol- 
lowing table of precession, the arguments being the places of the stars compared with Alcyone 


for 1840 : — 


Precession tn Position-Angle, 1840-1885. 


96 GROUP OF THEWPLITALDES: 


Kénigsberg Position-Angles for 1885.0 and Comparison with Yale Results. 


Star Position-Angle. Y.—K. Star. Position-Angle. Y.—K. 
286 11 56. + 6.7=+ 0.07 19 185) 16 45.4 — 126.9 = — 0.67 
3 270) © 12 ee + 42.8 + 0.44 20 259) £10)" 20.0 — 79-7 — ee 
é 304 20 13.4 + 16.7 +0.18 21 358 30 50.5 — 114.4 —1.10 
I 260 56 10.4 — 71.0 —0.59 22 184 44 20.6 + 13.3 -+ 0.04 
2 BOSS Sama jek — 122.2 —1.20* 23 180 34 35.5 + 47.2 + 0.35 
3 266 31 56.0 + 309 + 0.23 24 359 53. 25.5 — 56.6 — Pen 
4 298 «1 48.0 — 63.3 —0.53 25 17 Omro mek 1150.5 ean 3° 
5 Sore aoe — 85.0 —0.94* 26 174) 2582250 + 175.4 -F-1.73 
6 293 36 = =7.3 — 60.9 —0.48 oa 27 (49 ica — 3.90 —0.02 
3 304 12 53.0 — 3.3 — 0.02 28 163 19 32.8 —- 17.7. ~— 0.22 
7 259 18 40.0 FTA Ome On 7,5 29 43 24, “5:6 = ty = ooo 
R G20 Ag 34.3 — 12.8 —0.13 Ss 125° 599 °5 5.2 + 33.0 0.24 
‘f Bor Like Sait — 07 —0o01 fe 07 5 56.8 + 46.9 + 0.32 
8 286. 52 14.6 + 253.5 + 1.33* h S40 Aba 22.7 + 13.5 + 0.09 
9 286 23 40.1 — 15.3 —0.08 30 118 29 10.6 + 55.0 + 0.43 
ad 236 0AS 12.5 “920.20 eb O15 31 4) 51 E658 — 77.7 —0.68 
10 BOURISS 3-4 == 92,05 50.40 32 56 37 31-4 — 44.2 —0.39 
II 265.50" 50.5 +1 06:45 0.22 33 71 —38 22.4 — 69.2 —0.56 
12 344 14 50.7 — 408 —0.31 34 126 56 14.0 — 34.3 — 0.39 
13 220REOMEe Te5 ap 1092423 ap Oh Sit 35 Gel Be AOE — 205. fa a2 5°, 
14 IQI 51 24.6 + 352.2 + 2.05* 36 1 Suez eat — 177.4 —1.76 
15 BOS BO Baylé + 184.3 + 0.17 37 65 5520.2 — 62.5 —0.67 
17 Tose 530) 51:0 416.7) 42.70" 38 3 24° 23.4 + 30.2 + 0.33 
18 S12 Own 2.5 — 157.2 —0.14 39 59 35 16.5 + 28.9 + 0.40 
p 289 19 4.4 + 283.5 -+ 0.16 40 99 56 22.6 — 11.6 —0.16 


The means of these values of Y.— X., taken both including and rejecting the ten stars for 
which the ¢o¢a/ divergence exceeds 1” (marked with a * as before), are as follows : — 


All fifty stars, + 2.9 in angle, or — 0.105 on the great circle. 
Rejecting those marked * — 2.5 — 0.100 


I am not inclined to attribute any weight to the apparent systematic discrepancy of o”.1 as 
shown by the two last values ; for if we still further reject those stars for which the total diverg- 
ence exceeds 0”.4, for which there is, as will be seen later, still considerable probability of this 
divergence being really due to motion of the stars, we get the values 


” ” 


+-'23:2 Or + 0,036, 


according as we take the means of the actual deviations in angle or their equivalent on 


the great circle, the latter being of course the only ones which show the real amount of 
accordance. 
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§ 13. COMPARISON OF KONIGSBERG AND YALE MEASUREMENTS AND DEDUCTIONS AS TO 
RELATIVE Proper Motions IN THE CLUSTER. 


For the final comparison of the Yale and Kénigsberg work, the positions given by the 
new reduction of the latter have been brought up to 1885.0 by the use of the following tables 
of precession. - These give the total precession according to Srruve’s constants, to which are 
added two constants, +1”.00 in right ascension, — 1”.90 in declination, which make the place of 
Alcyone identical for both measurements; the arguments of the tables are the places of the 
stars for 1840. 


Precesston in Right Ascension. 


Using these tables we get the revised list of BrssEL’s places reduced to 1885 on page 99, 
and the annexed comparison with the final Yale results in right ascension and declination, as 
well as the total amount of divergence. It will be seen that for a number of stars there is un- 
doubted evidence of displacements since 1840; for ten stars the total divergence exceeds 1”, 
and these may be considered as having certainly moved, without much discussion. But it will 
be advisable, before proceeding further, to inquire into the probable errors we shall have to 
attribute to these apparent displacements, so as not to consider as motion values which are 
likely to be caused by the mere errors of observation. 

For the Kénigsberg work I estimate the accuracy as follows: for the ten bright stars we 
have seen they depend upon the five groups of distances, with the following mean systematic 


errors : == 
7 
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” 


Bessel 1829-30 Mean systematic error: — 0.039, Weight % 
Plantamour 1838 as < + 0.254 < 4% 
Bessel 1838-39 i ‘¢ + 0.271 ile gies 
Schliiter 1839-40 gS f — 0.214 Sivek 
“ 1840 « i — 0.162 Be ea 


Considering these values as casual errors, we find for the probable error of one group of weight 
‘unity +0’.14, and consequently for the mean of the five groups with the total weight 4 we 
get the probable error +0’.07. To this must be added the probable uncertainty of the screw- 
value. I have taken this as +0”.08 per 1000”, or about one third of the discrepancy between 
the two values given by the two methods, Brsszt’s ¢hzrd and fourth, as discussed in the pre- 
ceding section. For the faint stars observed by ScHLUTER alone the probable error may 
be taken as that of one group as deduced above, or +014. The position-angles may 
be assumed of nearly equal accuracy with the distances: while the observations of position- 
angle are less accurate than those of the distances, the uncertainty of the screw-value is 
probably greater than that of the index error determination. I have therefore computed the 
probable errors of a Kénigsberg co-ordinate from the following formule : — 


ea) 


: : aa es 2 
Brighter stars: prob. error one co-ordinate = 4/ { (0.07)? + (0.08 : a 


Fainter stars : . ‘ == 4/{ (oy + (0.08 ? ie 

For the Yale work I have used similar formule, taking as approximate values for the 
probable error of one co-ordinate +0”.06 for the brighter, and +0”.08 for the fainter stars, and 
+0”.02 as a liberal estimate of the probable uncertainty of the scale-value per 1000”. The 
probable errors thus deduced for the differences Y.— K. I have placed by their side in the 
foregoing table. Their general mean is +0”.20, and I have considered ¢w2ce this amount, or 
+0".40, as a fair value to adopt, inside of which the actual motions are so likely to be mixed 
up with the errors of observation as to afford little clew to their real amount or direction. 
Above this limit of twice the probable error, if its estimate be correct, the large majority of 
the discrepancies are certainly due to actual displacements ; theoretically 82% of the casual 
errors of a series of observations should be inferior to twice the probable error of one obser- 
vation, and it is not likely that the remaining 18% will seriously vitiate our conclusions. 
Taking the individual stars would lead to sensibly the same classification as adopting the 
mean value +0’.20; Nos. 13 and 18 would have to be taken into the class we consider as 
available for the detection of relative motions, whereas Nos. 34 and 39 would be left out from 
it. If we hold to the limit 0.40, however, we find that of the fifty-one stars compared, nine- 
teen only fall below it, and there are thirty-two for which there is therefore some consider- 
able probability of relative displacement since 1840. In the accompanying chart of the group, 
where I have plotted the apparent displacements shown by the table, these thirty-two stars 
are distinguished by arrow-heads. 
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Revised List of Bussex’s Pleiades Stars and Comparison with Vale Results. 


Decl. 1885.0. . - Total Y. — K. Prob. Error. 


54 29 30.66 + 23 : 5 0.17 to.21 
30 42.12 23 : : 0.49 19 
Bil.o2 : 0.48 +30 

26.55 : 0,10 +20 
8.10 : : 0.70 DA 
55-63 : : 1.09 23 
25.30 : : 0.67 20 
51.09 : : 0.84 21 
14.21 : : 1.07 225 
46.77 ; : 0.88 2 
45-51 . : 0.13 16 
29-30 : . 0.75 19 
51.16 : : 0.21 18 
58.32 0.07 18 
54-11 Ay / 18 
28.22 0.47 18 
30.92 0.22 ab 
14.00 0.49 +18 
20.84 ehh ‘17 
4-10 0.54 +20 
36.67 2135 “17 
15-48 2.2 ahd 
36.40 0.65 16 
9-92 2.76 -19 
17.60 0.38 16 
43.50 0,20 016 
54-37 o55 ae 
10.01 0.62 225 
47-55 1.78 23 
41.85 0,12 +17 
27.09 0,20 -20 
42.57 0.19 a7. 
43-96 “ae So 
1.68 21 

ke 2.01 +23 


Apis 
Aes 0.28 18 
0.14 -26 


5-07 
47.30 0.11 19 
43-41 F ; : $227 .16 
51.96 0.24 : 14 
10.47 0.12 -14 
i 0.49 21 
a 0.64 ee 
38.54 0.30 22. 
47-09 0.43 21 
30-67 0.44. 025 
49-55 2.54 22 
0.98 2.12 +23 
21.22 : : 2-59 oe 
. : 0.49 +24 
ee . ; 0.42 28 
31-26 ; ‘ 0.28 28 
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The first fact which strikes the attention on examining these values of Y.— K. is, that for 
the six largest there is a remarkable community of direction and amount; these stars, shown 


on the chart with broken lines, are as follows : — 


” a” ” 


No. 14 Displacement ina: —1.43, ind: + 2.15, total: 2.52 
17, — 2.67 + 1.28 2.76 
21 — 1.31 + 1.32 1.78 
26 — 1.80 + 1.16 2.01 
35 Sa UAE Sp ee 2.54 
36 — 1.91 + 1.19 2.12 


and it is remarkable that this general direction of drift is very similar to the reversed absolute 
motion of Alcyone as given by Newcoms, namely, for forty-five years : — 


Reversed motions of Alcyone from te ea % sur Oe 4 oe 
Newcomb’s Zodiacal Catalogue : : cava Se A OES LON ee 


For two of the stars, Nos. 14 and 35, it Seems to me the coincidence is, considering the un- 
certainty of the absolute motion of Alcyone, a quantity not easily to be estimated at present, 
quite close enough to warrant the deduction that these two stars at least do not belong to but 
form only optical members of the group. For the other four it will be admitted that there is 
some possibility, if not probability, that they also are only seen projected on the group. 

Of the remaining twenty-six of the thirty-two stars under consideration, it will be found 
that the distribution of the direction of motion is by no means equable, six stars only having 
an easterly motion, while twenty move towards the west.’ And although it may prove to be 
fortuitous, and due to chance errors of observation, still it may be noted that there seems 
to be a tendency to community of drift in certain groups in the same part of the cluster, such 
as that formed by the stars 1, 2, 5, and 7, and that shown by Nos. 3, 4, 6, 9, and 10.’ A third 
group seems to be made up of the two sets 11, 12, 15, 20, and 31, 33, 375 and: of thesic 
stars with an eastward drift five, Nos. 19, 25, s, 34, and 39, are again about in the same -direc- 
tion. It is noteworthy that of the ten brightest stars only two are to be counted among the 
ones with some probability of displacement; and for these two, 6 and m, the divergences are 
very small, 0”.49 and 0”.48 respectively, confirming the conclusions reached by Professor NEw- 
coms from the discussion of the meridian observations that the relative motions of the 
brighter stars are as yet in general insensible. For star 6, however, I think the motion in 
declination is unquestionable; 7, being only indirectly connected at Kénigsberg with Alcyone, 
is very much more uncertain. 

The general character of the internal motions of the group appears to be thus extremely 
minute. If for the six stars mentioned as with more or less probability not belonging to the 
group this proves to be the case, there are but five stars for which the displacement amounts 


1 Lately, Professor PICKERING, of Harvard, has photographed the spectra of the Pleiades stars, and it is of some interest 
to note that the only two marked divergences he has found among them are of two of the six stars having motions opposite to 
those of the generality of the group, stars s and 39, in which the K line is present. Star 25, which has a very similar motion 
to s, was unfortunately not determined on the photograph, on account of its spectrum falling over some of the others. Of the 
six stars which may very possibly prove not to belong to the group, they are all but one too faint in the photograph to have the 
character of the spectrum ascertained. The one, star 17, has the general spectrum of the group. 
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to over 1” in forty-five years. The bright stars in especial seem to form an almost rigid 
system, as for only one is there really much evidence of motion; and in this case (star 4) the 
total amount is barely 1” per century. The hopes of obtaining any clew to the internal 
mechanism of this cluster seem therefore not likely to be realized in an immediate future. 


§ 14 THE Paris anD Oxrorp Work.— Conclusion. 


As has been mentioned, there have been published lately two series of observations on the 
Pleiades, one made with the filar micrometer by M. Wo r at the Paris Observatory,’ the other 
with a modification of the filar micrometer consisting of two eye-pieces and an extended reti- 
cule, at the University Observatory at Oxford? 

I have compared these measurements with the Yale work, and the results will be found in 
the following tables, the first of which is the comparison of M. Wotr’s differences of right 
ascension. It will be seen that there is a large systematic deviation amounting to over 3” in 
the extreme; the column Y.— P. gives the direct comparison of the Yale and Paris results; in 
the column Y.— P., a correction for relative motion derived from the Kénigsberg triangulation 
and found approximately as 4 (Y.— K.) is applied, and in column Y. — P., the outstanding devia- 
tions from acurve drawn through the values Y.— P., as ordinates to the abscissas A 6, or differ- 
ences of declination from y, are shown. The source of this error in M. Wo r’s painstaking 
work does not appear very clearly, as it is not of the nature that would be produced bya 
faulty determination of the parallel, and seems only in a slight degree influenced by the mag- 
nitude of the stars. The mean value without regard to sign of the residuals Y. — P:, excluding 
the isolated stars 28 and m is 0”.37. 

The comparison with M. Wo r’s results in declination is much more satisfactory. The 
mean of the column Y. — P..,, giving the divergences corrected for motion, is 0.156; and that of 
column Y. — P.,, where acorrection to M. Wo .r’s screw-value deduced from the former column 
is applied, is 0”.145, values which must be admitted as showing considerable accuracy for 
both measurements. Among the values Y.— P., there are but three which exceed 0”.40, one 
being an extreme end star, and the two others both of the faintest class. If we take for the 
average probable error of a Yale declination +0%.071, as found from the values given on 
page 84, we find the probable error of one of M. Worr's declination co-ordinates the small 
value +0’.13. The relative motions deduced in the preceding section are naturally confirmed 
in every case where they are manifested in declination. 

The third table shows the comparison with the Oxford work, in the column Y.— O. direct, 
and under Y.— O., after correcting for motion and for the places of the reference stars f and ¢, 
which were assumed from meridian observations. It will be seen that in right ascension there 
is a similar but much larger and more irregular systematic deviation, as was found in the Paris 
results, and that also in declination the results are much inferior to the Paris work, the mean 
without regard to sign of the column Y. — O., amounting to 0”.47. 


1 Annales de l’Observatoire de Paris, Mémoires, tome xiv. 
2 Memoirs of the Royal Astronomical Society, vol. xlviii. 
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Comparison of Wotr’s Results tn Declination. 
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Comparison of Oxford Results. 


Right Ascensions. Declinations. 


Determining 
ds (Y. — K.) Y.—0O, : . ds Y.—K. Ney Star. 


— 4.25 : + 0.03 — 0.19 
— 2.14 — 0.01 — 0.01 
— 2.85 : OnLy + 0.17 
— 2.14 — 0.06 + 0.16 
=> Tyke — 0.00 + 0.06 
= Togo — 0,01 — 1.11 
— 2.96 : —0.06 ‘+ 0.88 
— 1.87 : — 0.02 — 0.54 
— 1.21 + 0.02 — 0.40 
— 1.36 — 0.02 — 0.28 
— 1.26 — 0.09 + 0:73 
— 0.16 — 0.10 — 0.24 
[+ 0.34] —0o03 [—o.11] 
=+-.0.2)3 + 0.06 + 0.44 
== OB “710.02 — 0.59 
— 2.65 + 0.05 — 0.82 
= OKO : 1-10.02 = Gils 
= ORO : + 0.00 — 0.55 
— 0.42 : —10.02 OO 
+ 0.56 ap Obit + 0.51 
== O15 + 0.16 — 0.90 
— 0.15 OOH - = O,2'5 
= O08 + 0.03 7 Ok 
1.01 SOLO? = Ons 
1.10 = OOH) — 0.09 
0.30 0201 + 0.50 
0.01 + 0.04 — 0.02 
0.52 = 0.04 Osh 
1.02 = Oi — 0.68 
0.04 = O.07, + 0.16 
0.13] = 0.02 [—o70] 
0.10 == OKO + 0.18 
1.13 + 0.05 — 0.53 
0.92 + 0.00 — 0.35 
0.67 : + 0.01 + 0.02 
0.69 = OO + 0.48 
0.92 == O08 cTOsok 
1.38 + 0.01 On0 
0.82 : SOB il = 0:70 
2.78 ee O17 {e012 
1.52 10.02 +0.67 


O 
~ 

| +4+++4+ 1] | 
[++ | 


(n=! 


Per src] 
eal 


NO A no 


| 


N NNN 
| 


Fannnnn ny Ne ossnnhshes4sss 01 nsggs hss 343 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
ob 
Le 
+ 
+ 
+ 
+ 
+ 
+ 
oh 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Fe 
+ 
+ 
+ 


WW HO Dn HAT AN Bw NH O 
SHH OWH ORY ONONNOGO ON 


BW w 


The outcome of these comparisons appears to show that the use of the filar micrometer for 
such large distances as those under consideration is likely to be accompanied with consider- 
able casual error, and, unless great care is taken, with large systematic error. The conclusions 
of Messrs. Wotr and Prircuarp as to the relative motions in the group have thus been un- 
fortunately vitiated, and must be replaced by those formulated at the end of the preceding 
section. 

At the same time I should like to say that the Konigsberg and Yale triangulations do 
not fully represent, in my opinion, the degree of accuracy attainable with the Heliometer. 
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The weak points of the Kénigsberg work will be apparent from what has been said in the 
preceding sections, and consist in the doubts as to the scale-value to be employed, the especial 
uncertainty regarding the fainter stars in this respect, and the absence of proof that the series 
may not be affected by systematic error, such as for instance might be suspected in the index 
error of the position-circle, which was only determined in the meridian and in a horizontal 
position of the telescope. 

For the Yale work it has been unfortunate that the breaking up of the series into several 
periods was imperative, as otherwise much stronger evidence of the effect of temperature and 
other possible sources of error could have been obtained. I may say that in the future I hope 
such breaks will be less frequent, due, as they were, partially to my inexperience of the neces- 
sities of a severe climate; and I may add that since September, 1885, to the present date, Feb- 
ruary, 1887, an undisturbed state of instrumental adjustment has been preserved. But the 
chief uncertainty in my work is due to the small accuracy attained in the observations of the 
stars of the fainter class. For the first three of my groups the values for probable error on 
page 86 show that the systematic errors to be feared for them are inconsiderable, but I should 
wish the stars of the fourth group to be looked at as a separate class, affected with additional 
uncertainty. It is indeed my intention, in view of the rapid increase of the probable errors 
of my measures with the magnitude, to restrict my investigations with this instrument to 
stars which do not fall much below 8.1 or 8.2 magnitude, much as this will limit its field of 
activity. 


University Press: John Wilson & Son, Cambridge. 
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DETERMINATION 


OF THE 


ORBIT OF TITAN AND THE MASS OF SATURN. 


§ 1. INTRODUCTION. 


SATURN being in about its most favorable position at the oppositions of 1885-86, 1886-87, 
Dr. ELkin proposed to me to undertake with the Yale Heliometer a determination of the 
mass from observations of Titan. The mass of Saturn obtained by Besse with the Konigs- 
berg Heliometer from observations of Titan, and that obtained by Prof. Hatt with the large 
Washington refractor from observations of Titan and Iapetus differed considerably. It 
seemed, therefore, that a new determination with the Repsold Heliometer at Yale would be 
well worth making. 

The Trustees of the Bache Fund of the National Academy of Sciences gave grants for 
“this undertaking, and the observations have been made and reduced by me at the expense 
mainly of that fund. | 

In order that the investigation should be entirely independent and be complete in itself, 
I have made, throughout the Saturn work, observations also of various zones of stars for the 
determination and control of the instrumental constants. 


§ 2. Metuop or MEASUREMENT OF TITAN. 


Saturn’s ring being opened out to nearly its widest extent, Titan could be brought quite 
accurately to the extremities of the major axis of the ring ellipse. My measurements were all 
made in this way, as were most of BEssEL’s. 

When comparing Titan with the planet it was necessary to shade Saturn with a wire- 
gauze screen. The measurement was usually an easy one, except occasionally in the moon- 
light, or when the satellite was near conjunction. The eye-piece used had a power of 210, 
and had a direct-vision reversing prism placed before it. In bringing Titan to the ends of 
the major axis of the ellipse the pointings were arranged symmetrically as follows, Titan 


being brought, say, to 
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1 Right. 2 Left. 


Scales reversed. 
3 Lett: 4 Right. 


Prism eye-piece reversed. 
5 Right. Omlsett. 


Scales reversed. 
wmluett. 8 Right. 


Then the position circle was reversed and eight pointings made as before. The major 
axis of the ring ellipse was kept apparently horizontal by means of the prism eye-piece. 
Thus a complete set of measures consists of sixteen pointings, the position angle being read 
at the same time with the distance. During 1885-86 both scales were read by means of the 
micrometer screw proper; in 1886-87 the fixed wires were pointed on scale A; but during 
neither opposition was the printing apparatus used. 


§ 3. Diviston ERRORS OF THE SCALES. 


The description of the scales has been givenon page20. For the measures of Titan I 
employed only the central thirteen divisions on each scale, that is, divisions 144-156. 

To find the division errors the plan was first adopted of taking the space from 54 to 246 
as the fundamental interval. This interval was divided into 6 spaces of 32 divisions each 
by means of pairs of webs inserted on the frame carried by the micrometer screw. Then 
by means of such webs the central spaces were subdivided until the errors of the required 
divisions, 144-156, were found. The values of the errors found in this way were not very 
satisfactory. As they resulted from so many subdivisions they were affected very much by 
cumulative errors. However, it was evident that some of the central divisions had quite 
large errors, and as these would come directly into the value of the major axis of Titan’s 
orbit, and thus into the mass of Saturn, it was thought best to make a new determination, 
though this made it necessary to delay considerably the reduction of the observations of 
Titan. For this new determination the central 12 space, 144-156, on each scale was com- 
pared with 12 division spaces taken all along that scale. The mean of the spaces so taken 
was considered to be a normal 12 division space, and from it the space 144-156 was cor- 
rected. Then the space 144-156 was trisected, giving each fourth division, and the four 
division spaces were bisected, and then the two division spaces bisected, until finally the error 
of each division was obtained. Thus the space 144-156 was compared twice with each one 
of the spaces 30-42, 35-47, ... 260-272, that is, with forty-seven spaces. The following 
table gives the result of this comparison, the numbers opposite 30-42, 35-47, under each 
scale being the amount in units of the fourth decimal place, o®.ooo1, by which the spaces 
30-42, etc., are greater than the space 144-156. 


60-72 
65-77 
70-82 
75-87 
80-92 
85-97 
go-102 
eter | 
IOO-1I1I2 
105-117 
I10-122 
115-127 
120-132 
125-137 
130-142 
135-147 
140-152 


145-157 


SCALE A. 


+ 22 
+140 
+142 
— 32 
ot Te 
72 
ST Oe 
+ 22 
— 85 
+ 28 
+128 
+ 28 
+ 25 
+ 40 
= 5 
—168 
+ 45 
+ 28 
+122 
ae 
+ 40 
73 
+ 40 
+130 
+ 12 
+ 98 
+100 


ap iB 
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SCALE B. 


150-162 
155-167 
160-172 
165-177 
170-182 
175-187 
180-192 
185-197 
190-202 
i felis hay 
200-212 
205-217 
210-222 
215227 
220-232 
225-237 
230-242 
235-247 
240-252 
245-257 
250-262 
255-267 
260-272 


Mean 


SCALE A. 


ea 
— 62 
+ 42 
+105 
+ 2 


+++t++tees | 
a a 


[see | 
w -» W 
% N60 


Tg 


114 ORBIT OF TITAN AND MASS OF SATURN. 


Hence on Scale A a normal 12 division space is greater than 144-156 by 0*.0037, on 


Scale B it is greater than 144-156 by 0.*0004. 
To find the error of pointing we take the mean of the two comparisons corresponding to 


each 12 division space used, and subtract this mean from each of the two comparisons. 
With the residuals got in this way we have, taking both scales together, for the probable 


error of pointing of weight unity 


+ 0.6745 y/ 198088 === 308, 


and for the probable error of pointing for the mean of the ninety-four comparisons corre- 
sponding to the forty-seven 12 division spaces, + 3.2. 

Now, taking Scale A alone, if from the mean of the two comparisons corresponding to 
each 12 division space we subtract the final mean, + 37, we shall get for the part of the 
probable error of the mean + 37 due to the casual errors of the 12 spaces, 


/ 103572 _ 


+ 0.6 P 
745 V aa + 4.7 


which must be combined with - 3.2, the error of pointing, to get the complete probable 
error of the mean + 37. In the same way, taking Scale B alone, we find for the probable 


error of the mean + 4 


; + 0.6 221379 
0.67i5)/ 2B ie cE 5-05, 


which must be combined with + 3.2 to get the complete probable error of the mean + 4. 
Then calling (144), (156), the division errors of the lines 144, 156, we have 


ScaLe A. SCALE B. 
(144) = + 19 + 4.0 “+ 2k 4.2 
(156) = — 18 + 4.0 —2+4.2 


in units of the fourth decimal place. The division error is regarded as the amount which 
must be added to the actual reading to give the true reading. 
The spaces 144-156 were trisected eight times, with the following results: 


SCALE A. Scare B. 
(148) = — 119 (152) =— 59 (148) =+ 9 (152)=+ 9 
ae 57) a 2 == Bo: + 14 
aa a — 18 42-8 
Ae + 14 39 is 
oe 43 sy =f 
= 50 + 56 43 28 
lee = AO — 29 — 7 
= By, = 4 — 31 = 
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The 4 division spaces were bisected eight times, and give for division errors: 
ScaLE A. ScaLe B. 
(146) =— 49 (150)=+ 3 (154) =— 79 (146) =— 85 (150) =-+ 37 (54)—= 0 
macro — 42 nity ee + 59 =A 
= 75 ee — 69 5 Soa ae 142 
— 49 + 24 = 39 — 34 es ==19 
= 55 + 28 = 37 — 46 a ei + 1 
— 46 =e 7 S235 — a + 33 ae: 
== 50 =r 55 gle 20 = 3 
= 83 — 26 — 61 — 52 + 69 — 32 
Mean, — 58 a6 56 — 56 431 — 20 
The 2 division spaces were bisected eight times, giving 
SCALE A. 
(45)=—45 (147) =—36 (149)=— 15 (a5t)= +56 (153) =— 49 = (155) = — 31 
— 28 — 56 — 24 + 64 — 62 — 25 
— 29 At == 18 + 76 — 40 — 49 
aod + 4 — 14 os eal sets 
— 38 — 44 05 + 50 =i 53 
G5 — 29 25 + 38 = i3¢ 7 
— 21 —I4 — 2 + 66 —55 — 37 
Sok ae — 42 + 64 — 54 AS 
Mean, — 39 — 28 — 20 + 60 — 48 Ee 
ScaLE B 
+ 3 + 21 fe) + 29 + 25 == 1@ 
— 24 = EL == 11g +47 ar a + 1 
+ 3 ey to + 21 G ~ ee 
— 25 - 9 + 24 5.07 +. 2 ° 
— 22 + 13 — 6 + 19 aa arate 
— 40 + 14 + 12 + 33 + 16 — 5 
— 4 14 — 43 + 24 mats — 23 
= 9 2 fe) SEY + 12 —120 
Mean, — 14 ee | a3 +37 = 6 ar 


Thus we have for the division errors of the required thirteen divisions and for their 
probable errors the following table: 


Division Errors, 


Division. Probable Error. 
Scale A. Scale B. 


ar 510) + 2 
7359 — 14 
— 58 — 56 
— 28 + 7 
— 70 — 28 
— 20 
— 6 
+ 60 
sae 
=aiA8 
46 
— 18 


144 
145 
146 
147 
148 


149 
150 
I51 
152 
153 
ye 
155 
156 
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This gives us a fairly satisfactory determination of the errors of the required divisions. In 
measuring a distance we would have the difference of two division errors, and it will be seen 
that some of the differences that we should get are quite large. As noticed by Dr. ELxin 
the errors of scale B are in general smaller than those of scale A. 

For the measures of zones of stars I have used the table of corrections already given 


on page 23. 


§ 4. Repucrion or Distance MEASURES AND DETERMINATION OF SCALE VALUE. 


As any variations in the distances between the objective, eye-piece, and focal scale change 
the scale-value, the eye-piece was kept pushed home, and zones of stars were observed 
throughout the- Saturn work, so as to be sure of the constants of the instrument. After 
having focused on double stars the focal point was kept always at 10.50. October 17, 1885, 
it was necessary to remove the head; otherwise during the observations of Titan the instru- 
mental adjustment was undisturbed. 

From measures made by Dr. ELxin and myself the correction for screw error of the 
micrometer for the reading z is found to be 


+ o%.0003 sin + 0*.0003 cos 7 — o0*.0002 sin 2 — 0*.0002 cos 2 2 
— o®.o021 7” + o8.0017 7? 


so that this screw may be considered free from error. For 1885-86 the run as found by me 
was —o0*.0065 per revolution to be added to the screw reading, and for 1886-87 it was 
— 0*.0026. 

The scale-value was determined by observations throughout the Saturn work of the arc 
in Cygnus used by the German Heliometer parties for the Transits of Venus, and of two 
lines of stars in the Pleiades, the instrument being in the latter case in about the same position 
as in observations of Titan. All these zones were selected by Dr. Exxin for determination 
of scale-value in his triangulation of the Pleiades, and are reduced here in the same way 
as by him. 

As to the zones in the Pleiades, they form an angle of about 80° with one another, 
and each line is made up of four stars. The end stars, a, 6, c, d, were taken about in the 
prolongations of a6, and By, the fundamental quadrilateral of the Yale Pleiades trian- 
gulation, and were selected so as to make the distances from star to star in each line 
nearly equal. The stars, a, 4, c, d@, were observed on the meridian at several observatories ; 
the places of a, B, y, 8, were got from the Yale triangulation. The following positions 
for 1885.0 were finally adopted, resulting for a, 6, c, d, from the mean of the observations 
made at Strasburg and Berlin, and a systematic correction of — o”.70 in right ascension, 
—o”.30 in declination having been applied to a, 4, ¢, d. 


REDUCTION OF DISTANCE MEASURES AND DETERMINATION OF SCALE VALUE. 


The proper motions of these stars, as is shown by Dr. 


Stan & 


RVwranr @ADe 


R.A. 


52 
54 
55 
55 
BS 
55 
56 
58 


BT) S.22 
29 30.61 
20 34.84 
18 34.62 
<8 bs) 
28 40.20 
© 31.40 
3 13-85 


Decl. + 24 
23 
26 
24 
23 
21 
23 
23 


, ” 


Ly 


13 34-40 
55 36.07 
13 59.00 


or 


57-61 


A O.5O 


34 
36 


ears 
45.82 


17 49.85 


ELKIN, 


seem to be small, and 


have been neglected, the mean epoch of the meridian observations falling about a year 


from the mean of the Heliometer observations. 


distances 


Sum, 


” 


aa 6240.50 
a6 Riaa ns 
S52 6848.91 

18213.16 


From the above positions we get the 


” 


6B 5762.41 
By 5642.54 
ye BOOZE 

16797.09 


It is evident that in each line small displacements or uncertainties in the places of 
a, 6, B, y, disappear in the swm of the three distances, and the measures are presented 


in this way 


Telescope East. 


1886, Feb. 


Mar. 


Apr. 


Telescope West. 
1886, Jan. 
Oct. 


Telescope East. 
1886, Feb. 


Mar. 


Apr. 


Telescope West. 
1886, Jan. 


Sept. 


Oct. 


aa 

R 
492.1992 
-1746 


-1378 


+2592 
492-1927 


492.1586 
-1726 


2372 
~2052 


492-1934 


6B 


R 
454-4746 
-4230 
-4746 
-4810 


454-4633 


454-4366 
-4476 
-4716 
5222 


454-4095 


Measures of Plecades Zones. 


a6 


R 
404.0960 


.1064 
.1210 


+1464 


404-1174 
404.1076 
-1196 
-1080 
-1216 


404.1142 


By 
R 
445-0272 
.0566 
-0726 
-0662 


445-0556 


445.0238 
-0586 
-0282 

-0658 


445-0441 


bd 


R 
540.1200 


-0980 
-1060 
-1654 


540.1224 


540.1380 
-1366 
-1546 
-I614 


540.1476 


ye 
R 
425-2930 
-2780 
-2370 
+2724 
425.2701 


425.2256 
+2706 
+2324 
-2630 


425-2479 


Sum. 


R 
1436.4152 
“3190 
-3048 
5710 


1436-4325 


1436.4042 
-4288 
-4998 
-4882 


1430-4552 


R 
1324.7948 
+7576 
-7842 
.8196 


1324.7890 


1324.6860 
-7768 
-7322 
-8510 


1324.76015 
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If we assume + 07.25 for the probable error of the length of a zone determined at Stras- 
burg and Berlin, and take together the Heliometer observations made east and west of the 
meridian, we have the following probable errors : — 


R R 
(a—@) Prob. Error of 1 Obs. + 0.0474 Prob. Error of Mean of 8 Obs. + 0.0168 
(6— 0) 66 (4 66 66 -0344 ce ce 6c 6c 6a .O122 
(a—2@) ae (6—c) 6“ 6c 6é “ce -0586 “ce ““c 6c “c “cc .0208 


The scale-value for one semi-revolution of the screw or one half-division of the scale is thus 


18213".16 + 0.25 
1436.4438 + 0.0168 


Zone 210.2 R= == 12'/607934 + 0.00024 


pes 167.0 7/.09 6/225 
1324-7752 + 0.0122 


Zone 6 to ¢ = 12/..67920 + 0! .000z2 


" " 
Boile Zones) R= 25089 225 es OB it r 
i 2761.2192 + 0.0208 67927 + 0.00016 


The following are the Heliometer measures of the Cygnus arc, which are given as usual 
completely reduced, that is, corrected for division error, run, refraction, aberration, and for 
distance of the object-glass halves when necessary. 


Measures of Cvanus Are. 


Telescope West. ab Memb bec Temp. cad Temp 
R ° R ° R ° 
1886, Apr. 29 186.5295 41 1886, Apr. 29 151.0877 41 1886, Apr. 29 173.3947 41 
June 1 25350 56.5 yune. ft 20577 156.8 June 3 -3867 56 
July 10 IhAS5 OS July 10 .0652 65 July 10 -4177. 65 
12 5245 64 12 -0377 64 ie -4062 64 
Mean, 186.5331 56.6 I51.062r 56.6 173-4013 56 
Corr. to 1885.0 + 20 = 20 — 5 
186.5351 151.0601 173-4008 
Telescope East. 
1885, Oct. 31 186.5595 28.5 1836, Nov.19 151.0582 36 1886, Nov.19 173.4077 36 
Nov. 28 25570 26.5 26 +0532 30 Deen -3787 =-19 
1886, Dec. 20 “5100 =. 29.5 Dec. 20 0692 29.5 20 4257 29.5 
1667, Jan.- 2 -5295 10 1887, Jan. 2 0632 10 1887, Jan. 3 +3802 6 
Mean, 186.5390 23.6 151.0610 26.4 173-398. 23.6 
Corr. to 1885.0 + 19 — 28 — 6 


186.5409 151-0582 173-3975 
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Telescope West. 


1886, Apr. 30 
June 3 
July 10 
12 

Mean, 
Corr. to 1885.0 


Telescope East. 
1886, Nov. 21 
Dec. 3 
21 
1657, Jane 3 
Mean, 
Corr. to 1885.0 


Telescope West. 


1886, May 17 
July 11 
17 
19 

Mean, 
Corr. to 1885.0 


Telescope East. 
1886, Nov. 21 
Dec. 19 
27 
1887, Jan. 16 
Mean, 
Corr. to 1885.0 


Telescope West. 


1886, May 6 
16 


July 5 
8 


Mean, 
Corr. to 1885.0 


Telescope East. 
1885, Dec. 19 
1886, Jan. 11 

13 
17 
Mean, 
Corr. to 1885.0 


508.0059 


de Temp 
R ° 
147-2380 40.5 
2315 56 
-2370 65.5 
“2205 Od: 
147-2332 56-5 
+ 188 
147-2520 
147-2200 37 
-1985 19 
«2185 32 
-1980 6 
147-2088 23.5 
+ 252 
a4 pe 348 
bd 
R ° 
322.0162 46.5 
Or72" 69 
C272) 972 
-0222 68 
322.0207) | 63.0 
en 13 
322.0194 
222208 one 27 
321-9972 36-5 
322.0372 23 
<OOlR 25 
322.0117 29.4 
= 14 
322.0103 
ad 
R ° 
- §03.0300 53 
*0035. 45 
0270.) 67 
.0390 678 
508.0274 60.3 
+ 6 
508.0280 
508.0056 32 
-0584 9-5 
507-9676 9-5 
507-9896 34-5 
508.0053 21-4 
+ 6 


1886, Apr. 30 
May 17 


July 11 
I2 


1885, Nov. 21 
1886, Dec. 


18387, Jan. 


1886, May 2 


July 11 
| 


1886, Nov. 21 
Dec. 19 

27 

1887, Jan. 18 


1886, May 6 
16 

June 30 

July 8 


1885, Dec. 3 
1886, Jan. 7 
14 
20 


CS Temp. 
R ° 
178.4515 ~ 40.5 
+4340 46 
4730 69 
-4460 63 
178.4511 54.6 
= 84 
178.4427 
178.4120 34 
*4355 19 
“4525 32 
4379 25-5, 
178:4343 27.6 
— 107 
178.4236 
ce 
R ° 
320.6099 45 
-6324 46.5 
-6469 68 
6204 72 
320.6274 57-9 
+ 183 
320.6457 
320.6074 37 
6374 36-5 
POMS AN 23 
~§929- ET 
320.6115 26.9 
+ 248 
320.6363 
be 
R ° 
468.3608 53 
+3033 45 
+3593 62 
+3583 75 
468.3606 58.8 
+174 
468.3780 
468.3036 33 
274 |16 
+3358 14.5 
+2868 24.5 
468.3134 22.8 
ah. BS 
408.3257 


1886, Apr. 30 
May 17 

July 11 

ay 


1885, Nov. 2 

Deca 2 
1886, Dec. 21 
1887, Jan. 11 


1886, May 2 


July 1 
17 


1886, Nov. 26 
Dec. 20 


1887, Jan. 18 


1886, May 6 


June 27 
July 8 


1885, Nov. 20 
Dec. 20 


1886, Jan. 23 


I19 
ae Temp. 
R co) 
337°5425 940-5 
5570 46 
-5690 69 
295 a Bho 
337*55290 9 57-1 
see 
337°5521 
3351 90 35se Nod 
5445 27-5 
“8200. 32 
et eee 
3312053 tendo 
Tae 
33775335 
af 
R ° 
325-1940 945 
st 7E5eo dos 
1955 67-5 
=1910) 70.5 
325-1880 57-4 
LO: 
325-1983 
325-1765 30 
-1890 =. 29.5 
ot Sea 
-5795 UF 
325-1756 = 23-4 
i 140 
325.1896 
54, 
R ° 
498.1742 53 
“2037 = 45 
°20607 = 65 
Bee Boe 
498-2033 58.8 
tp 108 
498.2133 
498.1956 32 
OSs 
O20" 33 
-1496 14 
498.1772 25-5 
sees oy 
498.1839 


120 ORBIT OF TITAN AND MASS OF SATURN. 


The probable error of one complete measure of distance of these Cygnus stars is found 
tosbere= 0 O105 Or =O 2130; 

From the data furnished by Professor Auwers, and printed on page 30, are com- 
puted the distances of the stars of the Cygnus arc and their annual variations, the logarithms 
of the factors to project the distances on the great circle joining a and /, the resulting pro- 
jected distances, and the distances and projected distances as given by my Heliometer 
observations, assuming for my scale-value log. R = 1.1030949. 


From Meridian Observations. From Heliometer Measures. 


Distance 1885.0. Ann. Var. Log. Projection Factor. | Projected Distance. Distance 1885.0. Projected Distance. 


ab 
bc 
cd 
de 


ef 
ac 


bd 
ce 


af 


ad 
be 


cf 


2364.952 
1915-270 
2198.674 
1867.056 
2262.214 


A272 S39, 
4082.993 
4065-542 
4122.894 


6441.094 
5938-585 
6316.928 


— 0.017 
+- 0.017 
+ 0.003 
— 0.163 
+ 0.080 


— 0.001 
+ 0.009 
— 0.160 
— 0.090 


10,008 


— 0.155 
— 0.089 


9-9950763 
De) ares 9) 
9-9992218 
9-9986269 
9-9920467 


99939631 
9-9993526 
9-9989687 
9-9957954 


9-9982507 
9-9999624 
9-9972505 


wt 


2338.291 
LOO2.1 72 
2194-738 
1861.162 


2221.163 


4220.463 
4076.g10 
4055-900 
4.082.325 


6415.201 


5938-072 
6277.063 


wt 


R 
186.5380 = 2365.169 


151-0592 
173-3992 
147-2430 
178.4332 


337-5428 
322.0148 
320.6410 


325-1940 


508.0169 
468.3516 
498.1986 


TQS. 322 
2198.5 78 
1866.936 
2262.406 


4279-803 
4082.919 
4065-500 
4123.228 


6441-297 
5938-367 
6316.804 


2338.506 
1882.223 
2194.642 
1861.043 
2225352 


4220.723 
4076.836 
4055-858 
4082.655 


6415-404 
5937-853 
6276.939 


The adjustment of these measures has been made as follows: calling the corrections to 
the projections of the stars a, 4, ¢, d, e, f, on the great circle joining af, as given by the 
meridian observations, (a), (4), (¢), (2), (@), (7), and calling s the error of the assumed scale- 
value per 1000”, and s’ a term proportional to the square of the distance per 1000”, we 
get as equations of condition: — 


” ” ” 


+ (6) —(@) + 2.345+ 5.4857 = +0.215 Resid. I. —0.062 Resid. II. — 0.033 


+@ —(4) +1.88 + 3.53 + 0.051 — 0.003 + 0.022 
ri) 0 Chee LO ol 4.80 — 0.096 — 0.016 + 0.029 
+(e) —(d) +1.86 + 3.46 — 0.119 — 0.095 — 0.071 
+(/) —@© +2.22 + 4.93 + 0.189 — 0.043 = 0.016 
+(c) —(@) +4.22 + 17.81 + 0.260 — 0.027 — 0.017 
+ (¢@) — (6) + 4.08 + 16.65 — 0.074 — 0.007 + 0.022 
+(¢) —(© + 4.06 + 16.48 — 0.042 =O. LOE + 0.131 
+ (7) —(@) + 4.08 + 16.65 + 0.330 + 0.164 + 0.173 
(2) (a) 4-642) ot Ar.ze + 0.203 +- 0.089 + 0.051 
+ (2) —=(b) evap A 35.28 — 0.219 — 0.053 — 0.076 
tof) (Gy ea 0s2 oso AA — 0.124 — 0.120 — 0.156 


Giving equal weight to each equation we have as normals: — 
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+ 3.00(@) — 1.00(6) — 1.00(¢) — 1.00(¢) + 0.00 (ec) + 0o.00(f) 
— 1.00 + 4.00 — 1.00 — 1.00 — 1.00 + 0.00 
— 1.00 — 1.00 See OO — 1.00 — 1.00 — 1.00 
— 1.00 —) 1.00 — 1.00 Se KOO = Toe = 10S 
+ 0.00 — lOO = 1506) at OO) + 4.00 — OO 
+ 0.00 + 0.00 — 1.00 — 1.00 — 1.00 Ss OO) 
— 12.98 — 9.56 OA ap ovis + 9.64 + 12.58 
— 64551 —19:98 — 39.38 “+ 42556 1250.29 + 61.02 
— 12.985 ==> (vil Go — 0.678 
pee 2050 — 49.98 + 0.458 
— 6.43 ==) 939-35 + 0-573 
+ 6.75 + 42.56 — 0.178 [zn] = 0.3966 
se 9-64 + 50.29 — 0.570 
tess =|) 61.02 + 0.395 
i= 205.972 + 1047.09 ap Loe 
+ 1047.09 + 5744-31 F 5-334 


If we suppose the length of the arc to be fixed by the meridian observations of a and f 
and put (a) and (f) =o we find for the solution of the normals, taking s* or not: — 


SoLution I. SoLurion II. 
” ” Wt. 
Sau 110.0050 + 0.0039 392.40 ” ” wt 
s + 0.0545 + 0.0209 13-56 § =-+ 0.0295 + 0.0061 154-35 
(6) +0.177 + 0.047 2.68 (6) +0.179 + 0.046 2.69 
(¢) +0.147 + 0.041 3-56 (-) +0.153 + 0.040 3-60 
(7) —0.028 + 0.041 3:49 (Z) — 0.037 + 0.040 Ges) 
(€) — 0.136 + 0.047 2.66 (¢<) — 0.140 + 0.046 2.66 
(27?| 4==.0.0780 loa, = =10:0833 
[zz .6] 0.0783 [zz .5] 0.0883 
Prob. error 1 equation + 0.077 Prob. error 1 equation + 0.076 


These solutions and the residuals given above show that we do not gain by introducing 
the term s?. The uncertainty in the length of the arc a@/ according to the meridian 
observations furnished by Professor AuwERS amounts to + 0”.132. Hence the complete 
probable error of s, the error of the assumed scale-value per 1000”, is + 0.0140. Thus, 
using solution II., we get from the Cygnus arc for the scale-value 


R = 72".67892 - 0'’.000t8 


From both zones of the Pleiades R was found to be 12”.67927 + 0’.00016. Com- 
bining this with the value found from the Cygnus arc according to their weights we get 
finally for the value of a semi-revolution 


R= 1267911 2.0 .00012 


or log. R = 1.1030889, which has been used for reducing the observations of Titan. 
On Oct. 17, 1885, soon after beginning the observations of Titan, the head containing 
the object-glass had to be removed. From the following measures of distance of y5 Cap- 
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ricorni, mace, however, when the seeing was rather poor, I have assumed that the removal 
of the head did not sensibly change the scale-value: 


Temp. 4 Temp. 

R fo) ° 
1885, Sept. 29 497-252 59-5 1885, Oct. 24 497-204 47-5 
Octe 15 .210 45-5 Oct. 26 230 Rubi 


As to the effect of temperature on the scale-value, we find from the Pleiades zones for 
an increase of 1° on a distance of 1* 


R R 
+ 0.00000155 - 0.00000056, 


+ 0.00000084 + 0.00000036, 


these values being got from the arcs (a-d), (4-c), respectively. No correction for tem- 
perature has been applied in the observations of Titan. 


§ 5. REDUCTION OF OBSERVATIONS OF PosiTION ANGLE. 


On the position-circle the divisions are cut for each 10° and by’means of two microscopes 
the circle can be read to 1”. For the observations of Titan I did not use the micrometers, 
but estimated to 1... The circle was examined by Dr. Etxin and myself and the division- 
errors were found to be so small that it was not necessary to take them into account in 
this work. 

The corrections for instrumental adjustments and flexures as given by BEsseEt in his 
A stronomische Untersuchungen have the form 


+ x sin¢ secd — y cos¢ secd + z, sec§ — 2 tand 


—B cos¢ sint+ p (sing cos8—cos¢ sin8 cos?) i For Telescope East of Meridian. 


The values for the equatorial adjustment, as found by Dr. Exxin and myself, are as 
follows : — 


x y Zz, gl B 
Date. Ps ; P 
1885, Sept. 11-13 +75 — 16 — 27 — 49 +4 
Oct. 22 Re — Al — 16 — 43 
Ochs Fo = 37 — 12 — 35 oe 
Nov. 15-27 + 76 — 34 — 12 — 44 —7 
1886, Jan. - 6 a — 45 — 6 — 43 Se 
Jan. - 23 i 70 = 87, =0 — 44 =—9 
Mar. 16 + 81 aa —5 
Bits Bi 70 — 42 — 20 — 31 Ae 
Sept. 3-11 + 82 — 36 455 ae —3 
Noy. 4-14 + 76 — 38 — 36 — 53 = § 
1887, Mar. 8-11 + 85 — 28 — 10 — 43 —5 


For the reduction of the observations of Titan I have taken the values 


x=+ Gods y =— 40! i= — 17!! = — aril B=—4" 
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For p, the twisting of the telescope about its axis, we find from observations east and 
west of the meridian of a pair of stars in Virgo with a large coefficient, 


” 


1886, Jan. 23 p=-+ 81 Elkin 1886, Apr. 29 fe =+ 70 Hall 
26 + 78 29 + 79 
Feb. 8 + 89 30 = 67 
9 + 99 May 2 OT 
Mean, »=+ 87 : ee 
9 + 84 


Mean, w=t 76 
and the value of mw as adopted is 


” 


2 =-+ 80. 


The index correction of the position-circle was determined from observations of the 
position angles of the zones (ad), (d-c), of the Pleiades. The adopted places on p. 117 
give for the zones 


, ” , ” 


aa Gomes 7-5 CST et oi eae 40-0 
Gor <1O2" 44) 30.2 Diy) Bt77) 120. 10.5 
ba 99 32 52.6 Yo Lio) 42.220. 

302 14 35-3 535 16 17-4 


where small displacements of a, B, y, 5, disappear in the sum of the three position angles. 
If we find the index correction from the equation 


Observed Sum + 3 Index Correction = Computed Sum, 


the observations reduced to 1885.0 give us: — 


Telescope East. aa a r) r) a Sum. 3 Index Corr. 
° ’ ” o ’ ” ° ' ” ° , ” ” 
1886, March 6 O00 650. SE 102. 46° “1 $9 «33-53 2076 LO was — 310 
10 58 49 45 19 34 33 138 4! — 246 
op By ye 
March 3 {Sag 77e 46 17 9e 38) 9 176 44 12 Spee ote ay, — 410 
24 6 46 ~ 132-24 44 20 DIB By — 430 
Telescope West. aa ad 8a 
ro) , ” fe} , ” fo} , ” fe} , ” ” 
1886, Oct. 23 99 59 40 102 46 26 99 34 49 302-20 ° 55 — 380 
24 59 12 46 21 34 35 20 8 = 336 
bp By aa 
Oct-23 18h TS SK ee eT 176 44 46 535 23 46 — 449 
22 Ge 17 CS Sr = 44 13 2 25 — 318 
oh! 


and for the index correction for the whole period I have taken 


” 


— 120. 
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§ 6. OBSERVATIONS oF TITAN. 


As has already been stated, a complete set of measures of Titan including a reversal of 
the position-circle consists of sixteen pointings, the angle being read at the same time with 
the distance. Usually sixteen pointings were made, but on some nights only eight were 
obtained, which give a symmetrical set zo¢ including a reversal of the position-circle. Each 
set of eight pointings has been treated by itself; for, during the time occupied in making 
them, the motion of the satellite can be considered as proportional to the time, and we can 
take the mean of the four pointings referred to the east end of the major axis of the ring 
ellipse and the mean of the four pointings referred to the west end. The observations as 
given are completely reduced. With regard to the definition, 1 denotes perfect definition, 
2 that it is quite good, and 3 that it is fair. Usually no observations were made when the 
definition was not as good as 3. 


Distances. Position Angles. 


New Haven a 
Sidereal Time. - | Definition. REMARKS. 


R R 
11.2402 14.5366 
11.2953 14.5620 
8.2739 11.0928 
6.0907 7-5203 
6.1716 7.2618 
7:7779 6.1512 
WAL Gp OL: 11.0531 
14.9412 11.6008 
16.7219 13.2893 
16.6204 13-3965 


= 
- oO 
ie) 
On 


Oo ODON DANA LL 


Seeing rather poor. 


Much haze. 


Clouds and haze. 


Titan faint: 


NNNHNWNHNNHE 


YN NWWWWW WW W 


7.9882 6.6805 
7.8472 6.6657 
6.5518 7.8781 
6.5785 8.0075 
8.6230 11.3310 
8.7852 II.4022 
13.2705 16.6401 
8.5357 11.6546 
8.6408 11.4867 
7:9077 6.3702 


Haze and fog. 
Unsteady. 


I 
2 
I 
2 
2 
2 
2 
I 
2 
I 


WWWW NN NN NN 


7:9947 6.3549 
11.7834 8.8807 
11.7889 8.9814 
15-2493 12.0866 
Teeaget 12.0266 
17.0167 ey pyem 
16.9859 13.8764 

6.7778 8.2456 

6.8130 8.3279 


11.9450 15-1758 


NNN NW 


NWN NAR AN AD 
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Distances. Position Angles. 


Sidevedl Tinw Definition. REMARKS. 


West. 


R R 

12.0318 15-1396 
42-3579 DA 
12.4528 9-5407 ; 
11.7518 9.0734 : é : Hazy. 
11.5616 9.0687 : 
8.0049 7.0228 : : Haze and clouds. 
14.1380 17-5397 
14.0689 17-3905 
12.1480 15-4283 
T2.1171 15.2832 


S 
=) 


NNWNH NN NW NW = 


17.9307 14.4560 
17.4670 14.0809 
17-5476 14.0358 : 
15.1437 12.0465 : Haze and clouds. 
15-0917 II.Qt4I : 

7-2837 8.9938 
7-3389 9.0808 
9.8273 12.7565 
9-9105 12.8707 
14.4820 17-9948 


WW NW NWWWW DN 


12.0816 15-4996 
11.9834 15-3903 
13-2919 10.0270 
13-4465 10.2180 
16.7156 13-2198 
15-3541 11.9265 
11.4616 8.7139 
10.0960 13.2632 
10.2578 13-3530 
13-0551 16.5598 


Clouds. 
Clouds and haze. 


WWNHWNHWW NWN 


WN NWWN DN ND 
a Ww 


13.2071 16.6432 
13.3337 14.6787 : Images rather poor. 
18.3464 14.7762 
17-5792 14.0108 5 Haze and fog. 


vo pPoA 


10.1561 78737 
7-9603 ES 
874 7-411 ; 
prince 16.7264 : : : Clouds and mist. 
14.5810 18.2990 


13-9982 17.7085 


14.0268 17-6675 : 
9.8229 74199 : Saturn blazing. 
10.0863 lsat 
13-7634 10.5279 
13-9917 10.6717 
16.9112 13-4096 
16.9785 13-4626 
18.2182 14.6072 
18.2088 14.5932 
a7 +3240 13-7747 


NWNHW NWN DP NW 
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Distances, Position Angles. 


Definition. REMARKS. 


New Haven 
Sidereal Time. 


R R 
17-2905 13-7791 
10.9693 8.4165 
10.8566 8.2984 
10.4437 8.0646 
12.9974 16.3976 
EO. O24! 16.4081 
10.2064 13-3363 
10.1105 13-1510 
16.8891 13.5167 
16.9557 13-7151 


17-4025 13-9375 
17.3076 13-9452 
15-8729 12.6697 
15-7982 12.5801 
13.2318 HOns233m 
13.8245 17.1526 
13.8898 17-1646 
12.6721 15-9302 
15-3789 12.2654 
15-2558 12.1846 


Haze. 


Moonlight & haze. 
Windy. 
Moonlight & haze. 


Much haze. 
Windy. 


Much haze. 
[ towards last. 
Images poor 


WWWWWWWWWWO WW DN NW WWW W WD 


8.9764 71a02 
8.9082 7-47939 
12.8047 16.0985 
12.9463 16.0675 
13.5207 16.6311 
13-4553 16.5995 
13.8022 10.8051 
13-9008 10.9135 
11-7956 14.8878 
10.2510 7.6264 


7.6314 9.8713 
7.6369 9-9701 
13.0267 10.2198 
15-1657 12.0983 
11.6035 8.8007 


Moonlight & haze. 


Moonlight & haze. 


Moonlight & haze. 


4 


Haze and mist. 
Seeing very poor. 


Moonlight & haze. 


h. 
3 
2 
3 
3 
8 
9 
8 
9 
8 
9 
8 
9 
8 
9 
8 
8 
9 
8 
8 
9 
8 
9 
8 
Sy) 
8 
9 
8 
9 
fo) 
fo) 


Lal 


Haze. 
Haze and clouds. 
Much haze. 


WWWww BWWW WW W 


8.2168 6.2237 
6.8325 9.2385 
7.0013 9.3117 
12.7161 15-8998 
11.6765 14.7481 
11-6496 | 14.5335 
9.7764 7.2038 
9.8812 OST 
15-8384 12.7037 
15-9870 12.6539 


8.5431 6.4539 
8.4802 6.3975 
13.2019 16.3984 
13-2183 16.3450 
12.0500 15.2924 
11.9620 Eyl 38 
9.1590 12.2095 
9.0958 12.0755 
8.7481 6.5714 
8.58381 6.4944 


Mist and fog. 


Mist. 


Moonlight & haze. 


Moonlight & haze. 


WWWWWWWW WWWWWWW Ww 


JESESES ES ENS ER GQ ENG TIN Cy IN 5 ES Gneg ES E5.dS 
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Distances. Position Angles. 
eee Temp. | Definition. REMARKS. 
East. West. East, West. H 
1886, h. m. R R fo) , ° , ° i 
Nov. 2 th Boise 5:9428 6.4848 LOD 2A 149 34.0 50 3 Haze. 
4 4 47-9 10.4748 13-5918 105 44.5 100 18.6 36 3-2 
4 532.8 10.5414 13.6026 105 14.6 99 57-6 38 3-2 
20 An 52.7 10.8925 14.0504 105 23.1 100 9.6 38 3 Haze. 
21 4 15-9 13.2804 16.5892 92 25.6 gO 29.1 35-5 3 
21 es) 13-3631 16.6135 O2501:0 gO 5.0 aan 3 
26 4 28.0 6.9412 5-9023 A225 1-9 352 11-9 OY a4 3 
27 4022.7 10.9021 8.1426 291 30.9 202 Ano 25 6 
27 5 16.8 11.0398 8.3166 290 59-0 300 53-3 24 24 
28 BBB 14.8273 11.5080 BT = DA 281 35.6 33 g3 
Nov. 28 4 26.5 14.8553 11.6626 277. Od 280 40.7 22 3 
PDEec. 9 Bu44e7 12.7958 16.1569 WL ae2sG W2N52.G 26 3 
9 4 24.8 12.8271 16.1362 70 40.0 73, 20.6 26 3 
10 3 48.6 9.6108 12.7961 Se yi 61 31.6 32 3 Moonlight & haze. | 
se) 4 29.0 9-6589 12.6800 53 50.5 61 9.4 Be: 3 
16 a Godse) 18.2278 14.6044 259 48.8 258 55-5 Tel 3 
16 4 39-8 18.1470 14.5362 259 29.8 258 34.0 II 3 
20 4 20.7 6.4585 7.3378 7A 2007 145 20.3 25 3 
20 iy aes! 6.4546 Tae ye I7I 58.0 TAS ISA 24 2-3 
27 | 3 57-4 6.5359 8.4117 14 743 37 3-2 19-5 3 
Dec. 27 4 442 6.4616 8.2587 £275 2-0 Sh teT 2 16 3 
28 Baer 7.6396 6.2192 Ris QO 344 31.7 Lob 2 Haze. 
28 5 30-9 7.7119 6.2941 Bills Adit 32405 7-2 14 B 
1887, 
eas 2 Bae 16.2559 12.8751 250 15.8 246 59.8 9 3-4 
2 4 48.4 16.1535 12.8930 249 46.8 246 31.1 8 Be 
3 | 3 42.6 12.7694 9.8049 237 59-5 229 35-2 4 3-4 
10 Ae. 12.7606 16.0911 69 11.3 PEAS. se 3 Moonlight. 
10 ame treO 12.6282 15-9286 68 21.1 i. BOog 12 3 
18 Ae 15-9907 Taps 3s 249 18.0 SAR ea 208 e 
18 4 55-3 15-9525 12.6836 249 6.8 245 21.6 1.5 3 
Rep. £3 9 40.0 6.3401 7.0397 347 9-9 TS er2e9 10 2-3 
£20) 10 59.5 6.3596 6.8954 345 10.2 16 5.2 IO 2-3 
Bas || Tie Bass 12.6545 15-9531 97 28.8 94 37-5 24 3-4 | Windy. 
25 QF '9:3 14.0005 17.2562 86 53-9 86 0.9 15 2 
Mar. 8 | 10 30.5 10.2593 7.8354 227 A0,3 213.37.0 26 3 Moonlight & haze. | 
12 On 52-0 HQeev/i 15-4714 97 49.3 94 49-1 30 G3 Haze. 
L2) | 10.39.38 12.4546 15-5402 O72. E20 94 49.1 29 3 
25 9g 40.6 6.9773 6.3743 197 41.1 168 17.3 29 2 Haze. 
26 9 43-4 6.6496 8.6014 147 48.0 127A O.A 22 3 
26 | 10 34.6 6.7589 8.8069 146 55-9 1276 3:0 20 3 
Mar. 29 | 10° 2.1 13.2028 16.3861 S652 7.5 85 25.3 19 3 Windy. 
29 | 10 49.5 13-2535 16.4021 85 48.6 85 25-3 17 3 [light. 
20) | 10° -5.0 12.5144 15.8675 75 20.6 "7 9356 a 3 Much haze. Moon- 
Apr. 6 9 48.7 16.4475 13.2871 203 hn. G 263 5.9 29 3-2 | Moonlight & haze. 
6 | IO 27.2 16.3557 13-3452 263 - 0.2 262 58.3 a7 3-2 
G1) 80-367 15.5528 12.5329 254 32.0 252 38.5 32.5 B Much haze. 
Zi} 10) 30.2 14.8848 11.8180 271 47-3 273 50.8 46.5 3 -| Mist and haze. 


128 ORBIT OF TITAN AND MASS OF SATURN. 


§ 7. CoMPARISON OF OBSERVATIONS WITH ASSUMED ELEMENTS. 


From the preceding distances and position angles referred to the east end and west 
end of the major axis of the ring ellipse were computed the rectangular coordinates of Titan 
referred to the centre of Saturn, it being assumed that the centre of Saturn coincides with 
the middle point of the major axis of the ring. These codrdinates were computed from the 
observations by the following formule which take account of terms of the second order: 
Let s,, 2.3 5, ~, be the distances and position angles referred to the two ansz, then 
4, = Ss, sinf,, y, = S$, COSP,, % = S, sinZ,, y, = $, cosp,, and x and y referred to the 
centre of Saturn are 
x= (x,+%,) —$ tangs. xy sin 1! 
y=t(, +7.) +4 tangs. ax sin 1". 


The assumed elements were for 1830 + ¢:— 


Epoch 1830, Paris Meridian +=.) .°-. < <oes 2g= "2! 2r'G 

Mean motion'in 365.25 days . = ©. ©. =< 5 320° %8eo "0654-0 22 Kev; 
Perisaturmiumay ye Bees et a os Kas Seale) be, 24 Eo LO ee oe Ae 
HOCCENUTICIY ats) Sentero non cot Mes! Sars aie Gone of O02 022426 

SCIP AOL A0dS ake urele ss) temas aA 54 bol cop etre me PeRCmnE 1.0) Rie 

Ascending NOdG 0 a5) Gee ens se reds) el ee LOY Ong gi 7 ori 27 
GniClingtion ROasy pee) cee hg eed Pe cere Pmt (RAG 984 UNO Cae) amen) oe 


That is, &, \, P, z, and z were taken from BesseEt’s first determination of the elements 
of Titan as given in the Astronomische Nachrichten, Band 1X., page 1, and the tables 
printed there were used. From », z, and the apparent obliquity of the ecliptic M and / 
were found; then taking & and P from Bessev’s tables for the times of observation, and 
employing the auxiliary quantities 4 7, g, G, 2, H, we have 


é=r.PA sinfsin (F+ uz) 
p 

y=r.Asingsin(G +z) 
p 


C=r.PeAsink sin (H+ xz) 
Pp 


OP eS é 
1+¢ 
er taal 
4 1+¢ 


Here p, is the mean distance of Saturn from the Sun, which has been taken equal to 
9.53887, p is the geocentric distance of the planet, 7 is the radius vector of the satellite, and 
A is the mean distance of the satellite from the planet at the distance p. of the planet. 
After the columns C—O are given the residuals found by substituting in the equations 
of condition, after the solution, the values of the unknown quantities. 
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Computed + 


et 


Octe 5A: 


Oct. 23 


Nov. 27 


i Dec. 2 


+152.590 
+152.621 
+ 96.021 
+ 25.814 
+ 22.348 
— 48.503 
—165.959 
—166.910 
—189.947 
—189.918 


= D3 pi 
— 25.748 
+ 44.421 
+ 46.519 
+111.879 
+113.928 
+189.603 
+101.276 
+100.036 
— 49:905 


— 52.207 
—119.618 
—I21.101 
—171.832 
—172.123 
—194.820 
—195.270 
+ 49.718 


+ 52-487 * 


+169.163 


+169.722 
—127.901 
maa O 35 1 
mee 
— 95-877 
— 21.657 
+197.256 
+195-631 
+161.894 
+160.710 


—204-715 
—193-825 
aaa 1 * 
454-724 
mm 1o0° 447 
+ 59.626 
+ 61.618 
+129.810 
1131-747 
+205-727 


+152.883 
Shes 
+ 97-288 
+ 26.253 
2 286112 
ae eee 
—165.788 
—166.923 
—189.552 
—189.805 


— 29.178 
— 27.023 
+ 43-780 
+ 46.197 
ST Tale y777 
113-395 
+189.530 
+101.564 
+ 99-538 
= 59-442 


we 
—119.881 
—121.906 
—171.238 
—172.258 
—I195-191 
—195-435 
+ 49.662 
+ 51.812 
+168.784 


+170.064 
—127-174 
—128.982 
105.110 
— 96.146 
— 22.385 
+196.391 
+195.300 
+161.796 
+160.289 


—205.041 
—194.687 


“193.914 


—155.250 
—15 3-611 
+ 58-744 
+ 61.093 
+129.015 
1130-739 
+205.082 


Residual. 


Computed y 


129 


Residual. 


+0.463 
2 
+1.428 
+0.591 
+0.913 
—0.387 
+0.250 
+0.068 
+0.552 
+-0.275 


—0: 107 
—0.516 
+0.105 
+0.421 
Ome 
+0.097 
+0.248 
+0.456 
—0.330 
—o.416 


—0.605 
—0.183 
—0.725 
+0.675 
—0.053 
—0.208 
+0.001 
+0.706 
+0.085 
+0.102 


+0.817 
+0.809 
+0.455 
+0.518 
+0.450 
+0.077 
—o.641 
+0.390 
+0.084 
—0.239 


—O.141 
—0O.501 
+0.225 
+0.041 
+0.409 
—0.089 
+0.265 
O22 
ae O47] 
—0.323 


+58.160 
+59-483 
75-587 
+79.698 
+79-565 
+71-099 
+22.477 
+20.859 
—10.848 
—11.948 


—86.034 
—85.990 
—77.526 
mi hcoe* 
—58.024 
SYST as 
+ 1.894 
+77.698 
+78.278 
oes 


172-345 
+5 2-370 
+50.906 
+22.044 
+21.009 
a 195) 
APH: 
—79.067 
—78.308 
—30-243 


—28.953 
+52.031 
+51-179 
—87.571 
—88.039 
Te eS 
+37.611 
+338.728 
+65.672 
+65-673 


—I5.707 
—49.206 
—50.301 
—75-628 
—75-623 
—82.079 
—81.796 
eee 
—58.254 
+ 8.074 


+58.413 
+59-199 
+75+437 
179-750 
+79.040 
+70.942 
121.947 
+20.983 
—10.806 
—I11.784 


—35.617 
Obs CO 
—77-596 
—77.126 
—58.304 
—57-498 
+ 1.406 
+77.378 
77-720 
+72-977 


+72.-458 
+5 2.038 
+51.180 
+22.084 
+21.2I11 
—I11I.426 
—12.347 
—78.958 
—78-517 
—30.258 


Dae 
+51.868 
+51.066 
—87.018 
—87.296 
See) 
+37-651 
+38-545 
+65-243 
+65-948 


—15.167 
—49.107 
49-097 
—74.902 
Sa eae 
—81.890 
—81.368 
—59-603 
—58.842 
+ 7-448 
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Computod # 


” 


+160.855 
+159.166 
—138.117 
—140.987 
—188.936 
—154-507 
— 87.099 
+135-356 
+137-456 
+185.872 


+187.470 
—208.1 71 
—208.697 
—192.621 


— 61.392 
— 6.694 
i Se 
+187.509 
+207.306 
+195.602 


1195-459 
= dot 
— 82.431 
—145.668 
—148.658 
—191.696 
—192.550 
—206.885 
—206.598 
—189.109 


—188.637 
— 77.682 
— 75-769 
— 69.559 
+178.248 
1177-531 
+127.050 
+124.563 
has HS) 
—194.425 


—195.872 
—195.108 
—169.428 
—168.148 
+188.285 
+195-045 
+195.302 
+172.870 
—163-795 


—162.221 


+160.700 
+158.950 
—138.468 
—140.545 
—189.322 
—154-843 
— 87.970 
+134-719 
+136.409 
+185.678 


+187.009 
—208.433 
—208.405 
Ee) 


— 62.817 
pe ho | 
— 4-594 
+187.183 
+207.148 
+195.518 


+194-759 
— 78.422 
— 82.773 
==146.073 
—148.386 
—192.127 
—I93.005 
—200.771 
—206.724 
—189.961 


—188 .883 
— 78.702 
— 76.682 
— 70.228 
+178.317 
+176.910 
+126.503 
124.577 
—193-068 
—193.686 


—196.095 
—195-736 
—169.746 
—168.260 
+183.083 
+195-209 
+194.886 
pened 
—164.162 
—162.574 


Residual. 


Computed 


+68.176 
+68.945 
151-549 
+50-548 
+17.166 
—76.800 
—92.138 
—58.856 
—58.078 
—26.141 


—24.855 
—21.186 
—22.692 


—53-7o8 


—94-746 
—93-928 
393794 
—25.068 
+21.570 
+45.282 


+46.141 
+74-448 
173-253 
+48.746 
+47-519 
+14.058 
+12.998 
PPE IRS 
—23.382 
—55-116 


—56.100 
—93.260 
= 95-440 
02-0 D2 
+54.000 
1+55:044 
+77.408 
77-022 
+ 1.8209 
+ 0.599 


nO] 
—34.222 
—62.630 
—63.576 
—11.348 
+22.898 
+24.179 
“+53. 982 
—Obes4O 


=—62.520 


Residual. 


Date. 


Apr. 


Apr. 


Sept. 


Oct. 


Oct. 


Oct. 


Noy. 


Nov. 


Dec. 


COMPARISON OF OBSERVATIONS WITH ASSUMED ELEMENTS. 


x Computed # C—O. 
— 46.815 — 48.233 —1.418 
— 44.415 — 45-711 —1.296 
+182.888 +182.925 +0.037 
+183.659 +183.450 —0.209 
+18 9.688 +189.413 —0.275 
+189.116 +189.074 —0.042 
—152.329 —152.514 —0.185 
—153-763 —153-717 +0.046 
+160.645 +160.319 —0.326 
— 96.336 — 97-414 —1.028 
+ 89-524 + 88.485 —1.039 
+ 90.808 + 90.454 —0.354 
—143.809 —143-503 +0.306 
—172.826 —172.632 +0.194 
—105-429 —106.415 —o.986 
— 48.978 = 50.123 —1.145 
+ 84.088 + 84.104 +o.016 
+ 87.063 + 86.794 —o.269 
+179-9I1 +180.471 +0.560 
+160.559 +160.341 —0.218 
+158.475 | 1158-954 | 10-479 
— 94-354 — 94.962 —0o.608 
— 96-946 | — 97-498 | —0.552 
—180.938 —181.258 —0.320 
—181.521 —181.850 —0.329 
— 54-172 — 55.262 —1.0g90 
— 52-045 — 52.971 —0.926 
+186.117 +185 .835 —0.282 
+185.788 +185.635 —0.153 
+166.327 +165.673 —0o.654 
+164.472 +164.715 +0.243 
+117-492 +117.659 +0.167 
+115-997 +115.5384 —0O.413 
— 54-105 — 55-046 —0.941 
— 51.409 — 52.421 —1.012 
+ 20.031 + 19.366 —0.665 
+148.695 +147.860 —0.835 
+149.416 +149.338 —o.078 
+154.261 +153-345 —0o.g16 
+189.281 +188.626 —0.655 
+189.987 +189.404 —0.583 
— 32.150 — 32.8386 —0.736 
—107.547 —108.027 —0.480 
—110.587 —110.590 —0.003 
—164.678 —164.642 +0.036 
—166.124 —166.362 —0.238 
+174-947 +175.228 +0.281 
+174.728 +174.080 —o.648 
+120.566 +121.169 +0.603 
+119.843 +119.311 —0.532 


Residual. y Computed y 
—0.673 —88.971 —89.252 
—0-547 —89-854 —89.312 
+0.414 HOSS a Oey 7 
+0.163 — 9-553 — 0-Qn2 
—0.033 +23.587 12322 
+0.197 +24.715 +24.341 
—0.097 +33-042 Reo RM! 
+-0.135 +32-.705 +32 520 
—0.156 +52.829 +52.270 
—0.929 +58.080 +58.018 
—0o.388 —64.179 —64.313 
+0.292 —63.644 —63.634 
+0.392 +31.744 +31.605 
+0.315 + 1.026 + 1.072 
—0.415 —74-379 —74-138 
—0.432 —75.810 —74.778 
+0.537 —5 6.222 —55-230 
0.245 —54:457 54-399 
+0.704 +23.288 +23.364 
—0.063 | +47-672 | —47.787 
+0.636 +49-257 +48.647 
—O.414 +50.364 +49.681 
—0.358 +48.671 +48.841 
—0.077 — 3-139 — 2.627 
—0.083 — 3-784 — 3-554 
—0.357 —76.559 —76.385 
—0.194 —77.046 —76.408 
—0.136 +23.961 +23.766 
—0.009 +24.666 +24.610 
—0o.496 +48.684 +48.673 
+0.403 +49.206 +49.280 
+0.378 +66.959 +66.515 
—O.201 +67.054 +66.943 
—o.188 —79.021 —78.495 
—0.259 —79.086 —78.508 
+0.029 —73-113 —73.286 
et Ae e541 O a8 380 
+0.277 —32.468 —32.536 
ea aH ey) pao eerie} 
—0-434 — 4-420 — 4-394 
—0.365 — 3.100 — 3.310 
—0.491 +71.763 +70.977 
—0.271 +53-533 52-576 
+0.205 +52.141 +51.601 
+0.238 -{-26.802 +26.567 
—0.034 4-25.214 +25.468 
+0.458 | +55-383 +55 +252 
—o.469 +56.272 +55-910 
+0.836 | +74-537 +73-797 
—0.298 +74.922 +74.150 


131 
C—O, Residual. 
” 
—0.281 | —0.526 
+0.542 +-0.301 
—0.034 -+0.140 
—0.359 | —0.183 
—0.465 | —0.245 
Oot te ae eee 
+0-339 | 10-341 
—o.185 | —o.188 
—0.559 —0.324 
—0.062 +0.048 
—0.134 | —0O.140 
+0.010 +0.008 
—0.139 —O.147 
+0.046 —0.089 
+0.241 —0.054 
+1.032 +0.599 
+0.992 +0.818 
+0.067 —0.099 
+0.076 +0.281 
+0.115 +0.408 
—o.610 | —0.313 
—0o.683 | —0.519 
+0.170 +0.326 
+0.512 +0.274 
+0.230 —O.014 
+0.174 | —o0.276 
+0.638 +0.190 
—0.195 +0.018 
—0.056 +0.159 
—0O.011 +0.293 
+0.074 +0.380 
—0.444 —o.078 
—O.III +0.256 
+0.526 +0.064 
+0.578 +0.121 
—0.173 —0.505 
+0.028 +0.001 
—0o.068 —0.090 
+0.280 +0.255 
+0.026 +0.137 
—0.210 | —0.095 
—o.786 | —0o.467 
ey] —0-794 
—0.450 | —0.294 
—0.235 —o.278 
+0.254 +0.201 
——Onlom +0.200 
—0.362 | —0.028 
OLAS —0.-345 
mie SOS ys 
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Date. x Computed # 
1886, ” ” 

Dec. 16 —204.604 —204.090 
16 —203-449 —203-400 
20 | + 30-493 + 30.364 
20 | + 33-938 + 33-678 
ayy + 42.239 + 41.821 
27 + 39.210 + 39-145 
28 | — 43-319 — 44.195 
28 — 46.665 — 47-451 
1887, 
jan. -— 2 —172.144 —173.516 
2 —171.073 —I171.523 
3 —I115.981 —117-554 
10 +172.467 +172.269 
ite) 170.132 +170.300 
18 —168.480 —169.285 
18 —167.534 —167.508 
Feb. 13 + 4.898 + 5.514 
13 + 1-794 + 1.318 
24 +180.351 +180.236 
Feb. 25 +197-758 +197-414 
Mar. 8 — 75-668 — 76.687 
12 | +175-436 +174.672 
12 +176.478 +175.680 
25 fae Ono 55 — 5-724 
26 + 65.570 + 65.344 
26 + 67.964 + 67.752 
29 +187.071 +186.930 
29 +187.444 +187.004 
30 | 1174-785 +174-936 
Apr. 6 —187.146 —186.926 
6 —186.862 —186.865 
7 —170.871 —171.815 
OR —169.068 —169.238 
§ 8. 


C—O Residual J Computed C—O. 
+0.514 | +:0.947 —38.182 37-423 +0.759 
+0.049 +0.491 —39-199 —38.787 +0.412 
—0.129 +0.611 —79.006 —78.912 +0.094 
—0.260 +0.474 —78.131 —78.358 —0.227 
—o.418 —O.140 +82.743 +81.998 —0.745 
—0.065 . | +0.213 +82.499 +81.948 —0.551 
—o.876 | —o.615 +73.631 +73-400 —0.231 
—o.786 | —o.526 +72.773 + 72-792 +0.019 
—1.372 | —0o.736 —66.669 —66.194 +0.475 
—0.450 | +0.194 | —67.934 O75 37 +0.797 
8-573" \e--9-795 —83.193 —82.698 +0.495 
—o.198 | —o0.006 +60.779 +60.541 —0.238 
+0.168 +0.362 +61.695 +61.537 —o.158 
—o.805 | —0.153 —69.166 —63.553 +0.613 
+0.076 | +-0.734 —69.551 —69-340 +0.211 
+0.616 | +0.902 +81.622 +81.527 —0.095 
—o.476 | —o.I191 +80.976 +81.144 +0.168 
—O.115 +0.188 —18.566 —18.435 +0.131 
—o.344 | —o.148 +12.444 +11.882 —0.562 
—1I.019 | —0.243 —85.071 —8 4.795 +0.276 
—0.764 | —0.463 —18.881 —19.065 —0.184 
—0o.798 | —0O.502 —18.366 , —18.042 +0.324 
—o.489 | +0.259 —81.711 —81.555 +0.156 
—0.226 | -+-0.4T0 —69.069 —69.320 —0.251 
—O.212 +0.418 —69.516 —68.690 +0.826 
—oO.14I +0.040 +13-740 SO —0.533 
—0.440 —o.261 +14.474 +14.231 —0.243 
+0.151 +0.310 +42.631 +42.489 —O.142 
+0.220 +0.552 —22.584 —21.592 +0.992 
—0.003 | +0.333 —22.944 —2 2.386 +0.558 
—0.944 | —0.456 —49-969 —49.280 +0.689 
—0.170 | +0.057 + 8.000 + 8.475 +0.475 


EQUATIONS OF CONDITION. 


Residual. 


The coefficients of the equations of condition were computed by the formulz of BEssEL, 
the equation of condition having the form 


a.dE+b.edP+c.de+ad.dat+e.sn7/dN+f.d7+n=0 


when a, 4, ¢, d, e f are the coefficients, and dZ, dP, de, dA, dN, dT are the correc- 
tions to the assumed elements. The Paris mean time of the observations as given has been 


corrected for aberration, using the constant 497°.78. 


Corresponding to each time are two 


equations of condition, first the equation in x, and then the equation in y. That is for 
nights when sixteen pointings were made we should have four equations of condition, when 
eight pointings were made we should have two. 
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Paris Mean Time. ig. Log. jf 


4.6994 0.1656 9.5275 9-9375 8.9202 9.32197 9.4669 
9.5026 9.21462 9.84607 9-5196 8.9868 9-9955 9-4031 
4-7350 9.80747 0.1702 9-5325 9-9330 8.9233 9-32597 O.11167 
9-4959 9.2149” 9.84197 9-5254 9-0472 9-9942 9-45332 
5-7118 9.97187 0.2778 9-4371 Q-7412 8.9652 9-38942 0.1028 
9.1880 8.9602” 9-72332 9-6307 9.6889 9-91 16 9.1761” 
6.7072 0.03772 0.3303 8.87171 9-1723 8.9347 9-3791n 9-6425 
8.55482 8.9378 9.66712 9.6548 9.8998 9-7060 8.7160 
6.7485 0.03862 0.3308 8.96462 9.1169 8.9317 9-3770% 9.8831 
8.64257 8.9769 9.66512 9-6542 9-9053 9.6929 8.8751 


7.6971 0.02747 Ong 9-68 397 9-44332 8.8175 9.28857 9.70072 
9-34242 9-4133 9-734172 g.6040 9.9860 9.0702 9-19597% 
9-6775 9+-73012 0.1068 9.76282 9-9727% 7.34982 8.32487 9.2330 
9.656272 9-3763 9-94452 9-0945 9.9264 9.81982 9.72432 
9-7080 9-72052 0.1033 9.750572 9.97562 7.53422 8.25557 8.11397 
9.65762 9.3680 9.94637 9.0750 9.9230 9.82627 9.0934 
10.6877 9.09637 0.0312 9-32052 0.03087 8.59667 8.9066 9.5966 
9.66957 8.7954 9.96967 8.78707 9-7518 9-968 37 8.6232 
10.7174 9.04952 0.0307 9-29322 0.0314” 8.60797 8.9219 9-05 31 
9.66887 8.7550 9-969 27 8.82447 9-7440 9.9 709% 9.2148 


14.6621 0.0185 0.3301 8.86282 9.21857 8.96657 9-4113 9.9809” 
8.4944 8.9238 9.670972 9.68602 9-93087 9-7399% 9.6201 
14.6918 0.0192 0.3300 8.92997 9.18527 8.96477 9-4100 0.1055” 
8.5615 8.9496 9.6711” 9.685 77 9-93447 9-73162 9-6435 | 
15-6633 0.0129 0.3153 9.67572 9-3948 8.86567 9-3333 9.80697 
9-3034 9-3794 Q-73132 964337 0.01162 9.23627 8.84512 
15-6971 O.O1I5 0.3137 9.68657 Q-4181 8.86057 9-3292 9.50797 | 
9-3149 9-3867 9-73507 9.6407” 0.01297 ‘9.20087 9.6180 
16.6742 9.9380 0.2406 9.85612 9.8003 8.63752 9-1506 9.70072 
9-5390 9.4848 9-84742 9.51917 0.02347 9-3699 9-447 27 


16.7077 9-9341 0.2372 9.858072 9.8080 8.62657 9-1417 9.7267” 
9-5440 9.4846 9.85117” 9.51312 0.02257 9-3938 9.187572 
18.6701 9.2718 0.0410 9.52772 0.0309 8.4727 8.72672 8.86337 
9.6766 8.8753 9.97722 7-9012 9.82537 9-9469 9.68842 
21.6449 9.98257 0.2890 9.4482 9-7595 8.9763 9-401 67 9-4594 

9.2103 8.99127 9.73772 9.6414 9.6976 9.9261 9.50512 
21.6751 9.98592 0.2916 9.4370 9-7508 8.9766 9.40242 | ° 9.69722 
9-1949 8.97120 9-73442 9-6433 9-7072 9+9220 9-7466n 
23.6481 0.04027 0.3237 9.7003% 9-45552 8.8296 9.30072 9.73002 
9-35512 09-4243 9.74702 | 9.6159 9-9988 9.0748 9.38207 


23.6807 0.0384” 0.3217 9.7099” 9.47682 8.8229 9-29562 9.8597” 
9.36607 9-4315 9-75072 9.6128 0.0004 9-0205 9-0531 
24.6346 9-9513% 0.2389 9.85512 9.83162 8.5515 9.08182 9.42002 
9-5 7082 9-5173 9-86852 9.4691 0.0062 9.48207 9.52897 
24.6672 9-946 77 0.2352 9.85597 9.83882 8.5369 9.07072 9.90582 
9.581472 9-5167 9.87222 9.4619 0.0052 9.50107 9-4378 
25.6408 9-7379% 0.1174 9.77291 9.98657 7.45272 8.30227 Ques 
9.66922 9-3834 9.95777 9.0970 9-9370 9.836172 8.6021 | 
25.6677 972957 0.1144 9.76722 9.98912 7.59142 8.23662 9-1303% | 
9.67062 9-3761 9-9593% 9-0795 9-9341 9.84182 9-3054 | 
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Date. Paris Mean Time. Log. @ Log. & Log. ¢ Log. a Log. € Log. f Log. 72 
1885, 
Oct. 26 26.6437 9.09562 0.0435 9.32562 0.04357 8.61162 8.9239 9.56942 
9.68177 8.7949 9.98182 8.81107 9.7015 9.98172 9.7235 
26 26.6713 9.05177 0.0431 9.30022 0.04402 8.6220” 8.9380 Q+21757 
9.68107 8.7571 9.98157 8.84462 9-7543 9-9842% 9.1367” 
ar 31.6660 0.0225 0.3247 9-703 1% 9+4495 8.86917 9.3382 8.74827 § 
9.3366 9-4070 9+75007 9-6509% 0.0261” 9.18607 9-0374 
a1 31.6954 0.0211 0.3231 Q.711 77 9.4679 8.8642” 90-3344 9.82932 
9.3460 9.4128 9.75312 9.64842 0.0272% 9.15032 9.32012 
Nov. 2 2.6553 9-7591 0.1356 9.82422 9.9806 7.7015” 8.6504 9-5 7862 
9.6605 9.3862 9.95512 9.2342” 9:97747% | , 9.8017 8.17617 


Nov. 2 2.6872 9-7502 0.1319 9.81917 9.9837 7.65857 8.6173 9-5340 
9.6624 9-3785 9.95712 9.21902 9-97422 9.8090 9-4533% 

9 9.6276 9-95362 0.2443 9.86057 9-85 737% 8.5347 9.07412 9.8615 
9-59762 9-5342 9-88682 9-4680 0.0161 9.52122 Q-2122% 

9 9.6566 9-94932 0.2410 9.86107 9.86367 8.5205 9.06382 9-5740 
9.601772 90-5333 9.89007 9.4612 0.0152 9-5 3692 9.0531” 
14 14.5980 9.9886 0.3114 9.4612 9-744.72 9.02282 9-4460 Q-29232 

9.14217 8.80862 9.74062 9.69372 9-7828n 9-94482 9.7427 
14 14.6268 9-9913 0.3135 90-4493 9-73607 9.02257 9-4464 9-42982 


Q.12567 8.78007 9-73807 9.6941” 9-79002 9-94137 9.8710 


15.6307 0.0437 0.3546 8.979972 9.10307 8.98792 9-4306 9.86212 
8.7165 9.0522 0.69562 9.70882 9.9629” 9-7397% 8.5682 
20 20.5951 9.466172 0.0933 9+1425 0.0462 8.8437 Q-20317 9-93 707 
9.6575 8.99442 9.96847 9.3288 9.48397 0.0362 8.6021 
20 20.6235 9-48482 0.0959 9-1758 0.0449 8.8489 Q.2097% 9.2279 
9-6551 Q-O112% 9.96652 9-3390 9.46642 0.0368 9.26257 
21 21.5799 9.85202 0.2084 9-5989 9-9620 8.9694 9.36407 8.9912” 
9-5247 9.2274 9.87507 9.5675 9-0958 0.0276 9.63252 
21 21.6103 9.85917” 0.2122 9.6022 9-9580 8.9717 9.36712 9.62437 
9.5186 9.22677 9.87152 9-57.22 9.1396 0.0262 9-4393 


Nov. 27 PONS 8.92857 0.0640 9.16732 0.0649” 8.685 37 8.9810 Q-5132% 
9.70307 8.8484 0.00357 8.93407 9-7710 0.00477 09-7324 

28 28.5982 9-5703 0.1192 9-4427 0.0424” 8.91657 9.2835 9-9355% 
9-6356% 8.99382 9-9543% 9-44422 9.2605 0.05507 8.9956 

28 28.6278 9.5846 0.1222 9°4573 0.0407” 8.92087 9.2889 9-15532 
9.63247 9.00732 9-95202 9.45207 9.2296 0.05542 9-4829 


29 29-5954 9.8748 0.2330 9.6568 9.94417 9.01482 9-4107 Q-7210% 
9.47612 9.14867 9.85397 9.62752 9.38712 0.03637 | 9.8609 
29 29.6266 9.8806 0.2365 9.6571 9-93957 9.01677 9.4132 9.21482 


9.46897 9-14572 9.85027 9.631372 9.40982 0.03457 8.8633 


0.0368 0.3415 9.69297 9-5219 8.88587 9-3511 9-94552 
9.3822 9.4662 9-775 22 9.66632 0.04517 g. 18097 9-2765 
2 2.6013 0.0353 0.3399 9-70242 9-5389 8.88057 9-3471 Q-7202% 
9-3914 9-4717 9-77852% 9.66357 0.04637 Q-14107 9-6314 
3 3.5746 9-9494 0.2614 985752 9-8636 8.6237” 9.1520 9-go004n 
9.5923 9-5449 9.89107 9-5 284% 0.05197 9:4473 9.38742 
2 3.6024 9-9456 0.2585 9-858 77 9.8694 8.61197 9-1438 0.00347 
9.5962 9-5444 9.89412 9.5228” 0.05127 9-4651 9.76942 
5 5-5995 9.0677 0.0683 9-37202 0.0650 8.6150 8.85982 9.80962 
9.7088 8.8928 0.01017 8.6248 9.834072 9-9852 9.79662 


Date. 


Dec. 


Dec. 


Jan. 


12 


12 


EQUATIONS OF CONDITION. 


Paris Mean Time. Log. @ Log. B 

7-5492 9-87547 0.2222 
9-5208 9.20172 

7-5826 9.88272 0.2263 
9-5137 g-20007 

11.5388 9-95222 0.2531 

9.63007 9-5795 

11.5722 9-94.74 0.2492 

9-63412 9-5782 

Beaver 9.6922” 0.1286 

Shee 9-4243 

15.5208 9.8868 0.2395 
9-477717% 9.1104” 

16.5652 0.0169 0.3341 
9.05782 8.36637 

19.5310 9-9434 0.2617 

9-6075 9-5690 

19-5585 9-9394 0.2588 

g-6109 9-5683 

20.5572 9-7179 0.1445 

9-6982 9-4419 

20.5940 9-7053 0.1405 

9-6999 9-4328 

29-5240 7.55282 0.0719 

9.71042 8.8984 

29-5661 8.2022 0.0723 

9.70872 8.8498 

30.5005 9.6367 0.1339 
9.63577 8.89157 

1.7826 0.0386 0.3516 

8.71317 8.6379 

2.4866 0.0585 0.3692 

8.9307 9-2491 

2.5231 0.0587 0.3693 

8.9653 9-2659 

5:4854 g- 7011 0.1430 

9-7019 9.4663 

6.7790 8.86752 0.0723 

Fe 9.7058 8.6310 

7.4806 9.6004” 0.1178 
9-6569 8.87397 

7.5076 9.61357 0.1205 
9-6542 8.89287 

11.4692 0.0479” 0.3395 

9°47 517% G53 

11.5254 0.04352 0.3354 

9.49027 9-5798 

12.4431 9-9290% 0.2443 

9.6487” 9-6159 

12.4824 9.92207 0.2396 

9.6531” 9.6140 


r35 
Log. ¢ Log. d Log. € Log. f Log. 72 
9-64.74 9-9591 8.9932 9-377 2% 9-19037 } 
9.87842 9-5867 9.1386 0.0324 8.95427 | 
9-6499 9-95.44 8.9953 9-3803% | 9.33457 | 
9-8743% 9-5915 9.1830 0.0307 9-1903 | 
9-83722 9.89417 8.5043 9-066 37 9-5453% | 
9-91 107” 9.4653 0.0303 9.54907 9.40657 | 
9-83.72 9.googn 8.4843 9.05327 9-6454 
9-91472 9-4568 0.0290 9.50652 9-3766 
9.699572 0.03037 8.11872 759637 9.58662 
9-9953% | 8.9879 9-9513 988137 | 9.39277 
9.6982 9.94307 9.03417 9-4176 9-5 2637 
9.85997 9.63847 9-37757% 0.04087 9-6454 
Q-5211 9.69782 9-055 77% 9.4622 9.94007 | 
9+745 22 9-7179% 9.80477 9-95057 Q-5011 
9.83757 9.8825 8.60637 9-1443 9.80412 
9.90077 9-52292 0.05557 9.4602 9-2330 
9-83837 9-8879 8.59447 9-1359 0.01997 
9-903 67 9.51722 0.05472 9-4773 9.3962 
9-75457 0.0218 75450 8.5027 9.28782 
9.98892 Q-17052 9.991972 9.8381 9-37842 
9-74607 0.0249 7.7082 8.4435 9-66372 
9.99092 9.14872 9.98782 9-8458 9-6042 
8.0409” 0.07212 8.77240 9.0440 9-41837 
0.01187 9.07907 9.7582 0.015972 9-5647 
7-9318 0.07202 8.78662 g-0602 9-4654 
0.01087 9.10887 9-7484 0.01867 9-7093 | 
9.5887 0.03967 8.96672 9.3051 9.89657 
9.9591” 9-4837% | 99-2519 0.05962 9-9489 
9-4329 9.55127 9.06007 9-4636 0.15387 
9-72472 9-72962 9.87362 Q-QO157 9.26017 } 
8.44012 8.63022 9.01817 9-4402 9-91547 | 
9.71267 9.72592 9.97812 9-74037 9-3522 
8.64332 8.41757 9.01502 9-4381 0.058072 | 
9.71407 9.72482 9.98212 9.72912 90-4742 | 
9.71512 0.0253 7.7694 8.4764 9-5132% | 
9-9905% | 9-1524% | 9.99257 9-8335 8.6335 
8.0905 0.0694 8.7842 | 9.04277 9-1987% 
0.0108” 9.0867 9.76162 0.0112 9-24557 
9.4980 0.0443 8.9290 9.24682 8.92437 
9-97452 9.4089 9-45922 0.0438 9-971 72 
9-5120 0.0426 8.9332 Q-25257 9-845 17 
9.97252 9-4171 Q-44117 0.0444 9-55142 
9.64597 9.64752 8.3338 9.29832 9.91967 | 
9.80047 9-6249 0.0291 8.8805 9-44257 
9.66337 9.6709” 8.8201 9.288572 9-53407 | 
9.80762 9-6179 0.0311 8.7024 8.875172 
9.77742 9.91762 8.4400 9.03682 9.60752 
9.9198” 9-441 0.0287 9-55 79% 9.61807 
9.77672 992442 8.4106 9.0201” “9-43.46 
9.92412 9-4300 0.0272 9-5775% 8.80627 


136 


Date. 


Paris Mean Time. 


ORBIT OF TITAN AND MASS OF SATURN. 


Log. @ 


Log. &b 


j 1886, 
f Jan. 13 


j Jan. 15 


Feb. 2 


14 


14 


13-4562 
13-4854 
14.4583 
14.4824 


15-4440 


15-4773 
17-4450 
17-4724 
2.4385 
8.6223 


9-6447% 
9.7169” 
9-631 7% 
Oepma qe 
8.2833 

9-708 7% 
8.4826 

OOF T2 
9-6574 

9.62982 


9.6703 
9.62577 
0.0217 
8.98887 
0.0236 
8.96457 
0.0202 
8.gO1o7 
9.72607 
9.6085 


0.1224 
9-4657 
0.1194 
7-4 SiO 
0.0692 
8.9622 
0.0694 
8.9389 
0.1336 
8.81317 


0.1372 
8.83417 
5343 
8.1436 
TES eS) 
8.2659 
0.3308 
8.5584 
0.1362 
8.90657 


Log. ¢ 


9-596172 
SRI ie 
9-58437 
0.00067 
8.6033 

0.0098” 
8.7102 

0.009 27% 
9.6391 

EOE OEE 


9.6502 
9-05 240 
9.6012 
739 1 
D190 te 
9-73 7147 
g-6029 
9.7267” 
9.6682 
9-93842 


Log. @ 


Log. @ 


Log. f 


Log. 7% 


0.03672 
8.go12 

0.03877 
8.8672 

0.06862 
Q-10557 
0.06857 
g.1219% 
0.03187 
949430 


0.02932 
9.50207 
9.64927 
9.72282 
9-63 79% 
9.72367 
Dan 99H 
9.71982 
0.0044 

9.4854 


8.28677 
99595 
8.31562 
9-9467 
8.79757 
9-7598 
8.80407 
OF 53° 
8.98272 
9-2488 


8.98672 
9-2125 

9.07407 
9-809 37 
SIS? 
9-815 82 
9.07297 
9.81337 
8.9795 

9.23297 


T3774 
9.87822 
71542 
9.88377 
O20493 
0.0104” 
9.0589 


0.01242 


wines) 


" 0.05520 


9-3133 
0.05567 
9-4612 
9-9398% 
9.4613 
9-05. 996 
9-45 44 
9.9241” 
9.29012 
0.0311 


9-6345% 
9-4281 


9.6928 
9.0569 


9.10042 
9-4669 


9+3522 


O35 909" 
9-6314 
0.00867 
9.6684 
9-96052 
9-02537 


9-2833 
8.8388 


9.25047 


9.65802 
8.85137 | 


9-93047 


9-825 47 


8.6595 
9-6408 
9-6713 
14.6131 


14.6476 


15-6216 
15.6496 
16.6082 


16.6451 


22.5931 


23-5869 
23.6202 
24.5897 
4.5676 
4.6073 


9.73842 
9-6035 

9-9554% 
9-3896 

9-959 7% 
9°3795 

9.43622 
9- 70957 
Q-41112# 
DOO 577 


9.2408 
9.67722 
9.2700 
9-6753% 
9-7566 
9-5093% 
9.7665 
9.56352 
9.5021 
9-6953 


9.03682 
9-6830 
9-099 2” 
9.6812 
9.72832 
925933 
9.7508 
9-5551% 
9-7613 
9-548 72 


0.1406 
8.92327 
0.2587 
8.93257 
0.2620 
8.91957 
0.0770 
O55959 
C0745 
9-3840 


0.0609 
8.7217 
0.0623 
8.63800 
0.1507 
8.8329” 
0.1550 
8.84622 
0.0853 


9-4103 


0.0483 
8.8223 
0.0494 


8.7730 
0.1284 


8.88257 
0.1405 
8.81607 
0.1452 
8.82967 


9.6778 

SESE 
9-7033 

g-82012 
9-7014 

9.8161” 
9.31827 
9-9951% 
9.28792 
9.9958” 


9-3618 
9.98437 
9-3833 
9-983 17 
9-7400 
Q-QIlInz 
9-7456 
9-90747 
9.48447 
9.98457 


OL 77 
9.98867 
9.0821 
9.9874” 
9-6776 
9-925 17 
9-7354 
9.8981 
9-7411 
9.89412 


0.0009 
9-4937 
9-85 52 
9-6419 
9.8486 
9-6448 
0.03887 
8.0164 
0.04022 


71-5343 


0.04567 


9-27547 
0.04482 
9.28737 
9.98297 
9-54997 
Res ie 
9-55 047 
0.0275 

8.80827 


0.0436 
9.1129 
0.0429 
9-1365 
9-9893 
9-4838 
9.96847 
954237 
9.96427 


9-549 17 


8.9837 
9.19037 
9-0758 
9-4271 
9.0769 
9-4474 
8.54277 
9-8964 
8.56147 
9.8911 


8.87882 
9-6553 
8.88447 
9.6450 
9.01777 
8.7527 
9.02137 
8.6161 
8.3662 


9.93667 


8.8049 
9-7436% 
8.8143 
SR A 
8.9704 
9.19667 
9.00927 
8.6942 
9.012602 
8.5242 


9.29617 
0.0312 
9-41307 
9-9961 
g-41507 
9-9939 
8.5538 
9-9O71” 
8.5967 
g-91257 


9.1412 
0.01572 
9-1493 
0.01347 
9-3354 
0.03697 
Coo SS 
0.03672 
7-34017 
9.8625 


9+0323% 9.2148 
9-9526 8.5441 
9.04687 9.619172 
9-9855 9-7966n 
g-28412 9.79807 
0.0188 9.87392 
9-3287 9-56477 | 
0.02457 9-7396 
9+3337 9.54782 
0.02412 8.8808 


9-7931% 


8.1461 


9-0374 
9.8686 


9-34837 
8.59117 
9-79807 
9 +3284 

9.50247 
9-8299 

9-049 27 
g-2 785 

Do: 30es 
9.488672 


8.41507 | 
9-73807 | 
9-47427 | 


9-65137 
Q-51727 | 


9.65137 


EQUATIONS OF CONDITION. £37 


Paris Mean Time. 


6.5547 0.0105 0.3197 9.5072 9.43662 9.04712 9-4297 0.1517” f 
8.47382 8.9136 9-68887 9.70382 9.83752 9.86452 9.44877 | 
6.5900 0.0120 0.3212 9-4895 9.41337 9-045 57 9-4291 0.11267 | 
8.36712 8.9446 9.68707 Q-70407 9-442” 9-85 827 9-7340 
10.5471 9.4846 0.0720 9.466472 0.0154 8.3612 7.88282 8.5682 | 
9.6837 9-3963 9-97307% 8.78577 9-92282 9-8514 8.53157 | 
10.5729 9-4697 0.0697 9-45 322 0.0167 8.3813 8.01157 9-32012 
9.6842 9-38384 9-97407 8.74932 9.91947 9-8559 9+55512 
11.5603 9.0687” 0.0365 g-0514 0.0305 8.7990 9 -03047 9-43937 } 
9.6698 8.7757 9-9758% Opin 72 9.72282 9.9720 9.66757 


11.5979 9.1244” 0.0376 9.1085 0.0298 8.8081 9.04412 8.62327 | 
9.6679 8.7224 90-9746 9-13.96 9.71162 9-9746 9-5 7292 
17.5420 9.80362 0.1587 9 -66087 9-93042 7-9419 8.80627 9.26722 | 
9-649 7% 9-577! 9.91057 9.2766 9:9717 9.65347 9 +5302 
17-5696 9.79682 0.1553 9.65697” 9-93982 7-8765 8.78712 8.6628 
9-651 77 9-5741 9.91897 9.2653 9-9701 9.66317 9.26727 
28.5646 9.72082 O.1112 9.6526 9.9581 8.9517 9.26907 9.51322 
8.92242 9.89392 9-4714 9.06282 9-9939 9-74742 
1.5631 : 0.2536 9.64642 9.74182 8.6702 9.16497 0.01202 


9-5795 9-7996m 9-5167 9-9832 8.91407 8.79247 


9-5106 ; 0.2541 9.63957 9-7000 8.7419” Q-2202 0.01667 
9-5382 9.77062 9-56142 9.99697 8.1853 Q-12717 | 
© 9-5435 : 0.2515 9.64632 9.7096 8.73277 9-2138 9.54907 
9-5405 9-78057 9-55682 9-99 73% 8.4424 8.0000 
18.4967 “ 0.1317 9-6798n 9.91007” 7.9283 8.76657 9.4857 
9-5247 9.89507 9.2528 9-9431 9.65027 9.14307 
19.4869 : 0.0246 9+3369% 9.99022 8.48297 8.5609 9.2878 
9.2883 9-948 7% 77820 9-8327 9.8719” 8.6628 
22.4844 : 0.2162 9-6645 9.7801” 9.00247 9-3774 9.9939” 
8.82637 9-74422 9.62322 9-53097 9.94157 9-3820 


30.7956 : 0.2881 9-6293% 9.45307 8.83427 9.3642 0.05887 
8.59007 9.61297 9.62687 9-94272 9 -63457 0.0136 
2.7829 c 0.1959 0.01637 9.6779 8.67842 9-11 79 8.2041 
9-1595 9+7905% 9-495 22 9-9909% | 9.5124 9-9965 
2.8263 ; 0.1914 0.01817 9.6916 8.67107 9.1068 9.42987 
9.1586 9-7953% 9-48862 9.98917 9-5335 8.8261 
53-7771 : 0.0025 9.46817 0.0095 8.3913 Q-1013% | - 9.7482 
9.32522 9.88467 Q-1217 9.23642 0.0036 8.8808 
6.7602 : 0.1243 8.650982 9-9581 8.6624 Q.2780% 9-33852 
9-4342% 9:7921% 9-4324 9+3336 9:979% 9.0607 


6.8002 9.7092” 0.1298 8.61737 9:9543 8.6696 9.2827” 9.6803 
9-4856 9-43407% 9-7875% | 9-4401 9-3638 9-9767 9-785 37 
10.7526 9-9644% 0.1932 0.02317 9-7307% 8.6316 9-047 27 9-7839% 
9.48047 9-1994 9.81307 9-4492 9-9704 9.6028” 9.83447 
10.7923 9.9602” 0.1885 0.02407 9-7420% 8.6235 9.03437 9.741972 
9.48707 g-1971 9.81752 9-4418 9.9681 9.61892 9-2304 
12.7343 9.42597 9-9844 9.78077 O.OLI42 7.73007 8.8265 9.50512 
9.62037 8.87507 992057 8.17287 9.6556 9.98682 9-7093 
12.7664 9.40467 9.9836 9-77122 0.01282 7.79272 8.8445 9.5172” 
9.6201” 8.90427 9.9201” 8.30407 9-6447 9.98907 9-3617 


j Oct. 16 16.7244 
16 16.7580 
_ 21-7393 
oii 21.7694 


22 C271 47 


Oct, %22 22.7419 
23 22m 2a, 

23 | 23-7585 

Nov. 1 1.7107 
I 1.7478 


Nov. 2 2.7302 
4 4°7357 
4 4.7668 
20 20.6967 
21 21.6686 


Nov. 21 21.7032 
26 26.6637 
27 | 27-6573 
27 27-6948 
28 28.6206 


28.6573 


1 Dec. 9 95990 
9 9.6267 
10 10.5990 
10 10.6270 


Paris Mean Time. 


ORBIT OF TITAN AND MASS OF SATURN. 


i | | ee | |S 


9:9935 
8.01612 
0-99 52 

7.71072 
8.981472 
9.6054 

9.03662 
9.6036 

9.70202 
IEE 


Q-7121” 
9.5001 
9-93182 
9.2505 
9-9367” 
9-2365 
0.0076 
7.77202 
0.0094 
5-6701 


0.0242 
g-1gIt 
9.8362 
O30 2 
9.8298 
SEEM 
9.8420 
9.6105 
9.5096 
9-6533 


9.4894 

9-65 36 

0.06147 
9-275 7% 
Ose 
9.52882 
9.98892 
O34 17 
9.83037 
9.6319” 


9.82147 
963427 
9.7672” 
F409 
9-775 7% 
9-5252 
DOT ee 
9.2578 
9.98107 
9.2458 


8.66442 
0.0127 
9-3477% 
0.0155 
9-35462 
0.1345 
9-45 282 


0.1382 
9-45 262 
0.2548 
9-32632 
0.2580 
9-31662 
0.3110 
8.69882 
0.3116 
8.6447% 


0-2044 
8.9612 
0.0924 
8.8661 
0.0885 
8.8427 
0.1026 
8.8798 
0.0114 
8.90712 


0.0100 
8.93882 
O31 Sa 
9.1014 
0.2216 
9.2328 
0.2171 
SECON 
0.0983 
8.9101 


0.0939 
8.8803 


0.1809 
9.4769” 
0.1846 
9-4763% 
0.2962 
932757 
0.2987 
9.31877 


9.62172 
9.50312 
9.89412 
9.48747 
9.89212 
8.80207 
9.8024” 


8.78117 
DA ION 
9.08437 
9.68057 
Q-11257 
9.67682 
9.68082 
9.63307 
9-69457 
9.63367 


9-94907 
9g. 700572 
0.02977 
g.go6on 
0.02697 
9.908072 
0.03637 
9.92092 
9-87482 
99-9514” 


9.86617 
995157 
9-9747# 
9.73607 
0.06017 
9-857 77 
0.06057 
9.86182 
0.00692 
9.93807 


0.00237 
9-9400% 
8.45527 
9-8345” 
8.40977 
9.83137 
9.05197 
9-7144” 
9.08017 
9.71174 


9-4955% 
9.63607 
CAO 
9.63622 
0.0222 
g-1290 
0.0217 
9.1442 
9-0 [22 
9-4404 


9-9698 
9-4457 
98237 
9-5760 
9-8160 
9-5788 
9-4938% 
9.6479” 
9-47262 
9.64807 


9-O401 
9-61812 
9-022) 
9.27677 
9-9272 
9-265 4” 
9-9387 
Q-28117 
0.0287 
8.39617 


0.0305 
8.27317 
9.26992 
9.6042 
9.78662 
9-4739 
9-79682 
9-4665 
9.96962 
Ot 10 


9-973” 
9-591 
9-9907 
9-4954 
9:9932 
925005 
9-8365 
g-6211 
9.8298 
9.6232 


8.84082 
9-9538% 
8.84057 
9.9569” 
8.3757 
9.23212 
8.3892 
g-20012 
8.6603 


9-3536 


8.6652 
9-3740 
8.7855 
9-7778 
8.7879 
9-7859 
8.85097 
9+9793% 
8.85097 
9-9737% 


8.81582 
0.02557 
8.45027 
9-93122 
8.43817 
9-9272n 
8.44517 
9-94107 
7.01542 
9-7 531% 


5°727]% 
90-7431 
8.7981 
0.0231 
8.6532 
0.0028 
8.6451 
0.0006 
8.3155 
9.9060 


8.2936 
9.9005 
8.7308 
9-4207 
8.7353 
O39 
8.8392 
9.8189 
8.8409 
9-8254 


Log. f 


9-3762 
9.65427 
9-3149 
9.64222 
g-11217 
0.0167 
9.11997 
0.0170 
9.28857 


m9 OO 


9.29162 
o-ooes 
9.36122 
9-8813 
9-36217% 
9-8753 
9-3869 
9-65 297 
9-3855 
9-6391% 


9.3101 
8.61862 
8.6736 « 
9-8597 
8.6459 
9-8655 
8.6651 
9-8743 
8.69507 
9-9984 


8.72342 
0.O001T 

9.28462 
8.42897 
9.06097 
9.66642 
9-0479% 
9.6807” 
8.34207 
9-91 307 


8.26142 
9-9192n 
9-3333% 
O.O21I 
9+3363% 
0.0192 
939907 
9.9061 
9-3998% 
9-9013 


0.03747 

Q+2405 
9.96662 

9.8048 
9.45027 

9+29007 
9.18472 
8.74827 
9.81567 
8.04147 


9.3856 
8.8692 
O52227 
9.64742 
9.61607 
9 +0453 
9-9736% 
9.7210 
0.00527 
9-7619 


9.82282 
9-23807 
9-9217% 
8.4472 

8.89217 
8.83257 
9-9619% 
9-4472 

9.81627 
8.4150 


9-76577 
9.32222 
9.86697 
9-895 47 
9.68127 
9.98097 
7:4771n 
9-05322 
8.5563 

9.371172 


9-37662 
9-4048 

9-4487 

9.11737 
9.81162 
9-5587% 
9-7803 

9-869 27 
9+7259% 
9.88762 J 
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Date. Paris Mean Time. er, ; Log. f 


1886, 


Dec. 16 16.5716 9-3052 9.250472 0.06297 8.59922 9-2397 9-7110 
9.62407 9-37407 9.92262 9-32612 8.8168 0.06537 9-8802 
16 16.6183 9-3470 0.0879 9.21062 0.06142 8.61222 9.2489 8.6902 
9-6202% 9.38262 9-9I19I2 9-34172 8.6583 0.06522 9-6149 | 
20 20.5943 0.0506 0.3241 9.96307 9.2352 8.84257 9-3339 9.11067 § 
9.0302 8.7620 9-7177% 9.65022 0.04907 8.63547 8.9731 | 
20 20.6366 0.0495 0.3218 9-97012% 9.2802 8.83877 9.3284 9-41507 | 
9.0589 8.3017 9.72182 9.64722 0.05007 8.38827 9-35607 | 
27 27-5592 0.0718” 0.3562 9.69037 09-3747 8.8750 9- 39337 g-62127 | 
8.30962 7.98557 9.68107 9.6669 9.9821 9.6269 9.87227 | 


27.5917 0.0730 0.3565 9-703 7% 9+3460 8.8740 9+39152 8.81297 
8.42977 749742 9.68207 9.6666 9-9852 9g-6122 9-74127% 
28.5879 0.07112 0.3270 9-97272 939842 8.3049 9.28987 994257 
9-3334% 9-2097 9.76902 9-6188 0.0365 8.66442 9.36367 
28.6276 0.06942 0.3242 9.97882 9-42937 8.8001 9.28347 9.89547 | 
9-3521% 9.2210 9-7739% 9.6152 0.0370 8.81077 8.2788 


2.5346 9.8084 0.2151 8.7692 9-9925% 8.82767 9-3890 0.13737 

9-4941” 09-4304 9.828382 9-5739% 9-5 6607 0.0318” 9.6767 

2.5784 g-8190 0.2202 8.7740 9.98747 8.83277 9:3927 9.65322 
9.48552 9.42782 9.82372 9.58007 9.58677 0.0287% 9-9QO15 


3-5301 9.9768 Ons try 8.919272 9.82347 8.gor1i2 9.4376 0.19677 | 
9.19527 9-24657 Q-7207% 9.67057 9.86992 9.91857 9.6946 
10.5231 9-81642 0.2070 8.7329 9-9893 8.8024 9-35722 9.29672 
9.5271 9-45 06672 9-845 37 9-5351 9-4491 0.0240 9-37662 
10.5658 9.82791 0.2125 8.7546 9-9843 - 8.8079 9.3015” 9.2253 
9-5190 9-45457 ‘9.84007 9-5422 9-4768 0.0210 9.19872 
18.5022 9.8285 0.2242 9.0033 9.98182 8.85 707 9.3966 9.90582 
9.48567 Q-41037 9.82922 9.5891” 9-5755% 0.02867 9-7875 
18.5394 9-83.69 0.2284 9.0028 9-97721 8.86077 9-3995 8.8808 
9-4779% 9-407 6n 9.82487 9-59407 9.59282 0.0258” 9-3243 


13-6687 0.0722 0.3524 9.7262” 8.4944 8.8724 9.36682 9.7896 
9.00662 8.9759 9-705 5% 9.6642 9-9947 9.4619 8.9777” 
13-7196 0.07247 0.3514 9-74.482 7.8752 8.8686 9.36242 9-6776n 
9:04782 9-0174 9.70932 9-6624 9-9983 9.4270 9-2253 | 
24.6983 9.6672 0.0728 9.88057 0.0090 7.18807 7.59112 9.06077 | 
9.6718 8.8863 9-97422 9.0189” 9.89307 9.9276 “09-1873 | 
25-6097 8.8772 0.0322 9-5749% 0.0485 8.4418 8.97837 9-53667 § 
9-6773 8.96107 9.97662 8.8280 9-66707 0.0141 9-749 72 | 
8.6350 9:9974 0.3172 8.97847 9.63797 8.92612 9-4215 0.00827 
8.86527 8.85547 968552 9.68157 9.89897 9.82652 9-4409 


12.5981 9.6659 0.0660 9.86992 9-9954 7.29220 6.38327 9.88317 
9.6607 8.9328 9-9630% 9-03 33% 9.8389” 9.9095 9.26482 
12.6301 9-6542 0.0628 9.86347 9-9979 6.97837 7.5305" 9.90207 
9.6618 8.9046 9.9640” 9.00947 9.88362 9-Q14I 9.5105 
Beoknod 0.0191 0.3184 9.67832 8.51117 8.875572 9-3664 9.68937 
8.9724 8.9534 9.68022 9.66467 9.98772 9.48142 9.1931 
26.5515 9-9915 0.2711 9-91257 9-5683 8.76062 9.2450 9-35412 
9-3992 9.3082 9-777 21 9.59407 0.01887 8.9793 9-3997% 
26.5870 9.9893 0.2683 9-91 71% 9.5841 8.75467 9 +2387 9.32632 
9-4079 9.3127 9.78132 959007 0.01887 9.0397 9-9170 
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Date. Paris Mean Time. Log. fs 


1887 
Mar. 29 29.5560 0.0097 9-51032 8.4534 8.9801” 9.14922 


8.97712 9-95 207 9.62197 9-9925 9.72672 
29.5889 0.0105 9-4913% 8.4673 8.99307 9.64357 

g-00107% 09-9515 9.60887 9-9941 938562 
30-5553 0.0919 8.5739 8.7325 9.24187 9-1790 


9-3447% 9.88807 8.40752 0.0086 9-1523% 
6.5242 0.0133 9.32877 8.55097 9.0771 9-3424 

9.0138” 9-93 78% 9-4953 0.00522 9-9965 
6.5509 0.0145 9.30682 8.55957 9.0850 747712 

9.030972 9-93712 9.4812 ' 0.00612 9-7466 


0.1046 8.9733 8.7739” 9.2856 9-9750% 
9-32097% 9.86367 8.85572 0.01182 9-8382 
0.0169 9.78367 7.73627 8.4703 Q-23047 
8.7200 9-93552 9-7902 9-9196% 9-6767 


§ 9. NormaL Equations AnD SoLution oF NorMaALs. 


To each equation of condition has been given the weight unity. The equations belong- 
ing to each opposition have been taken together and solved by themselves furnishing the 
following two systems of normals : — 


1885-86. 


+ 78.8848 .% + 13.6517.y+ 6.6506.2-+ 2.3417 . w— 28.6800. w+ 42.9192 . f— 27.6463 =O 
+ 13.6517 . % + 317.5580 . vy — 29.4170 . 2— 15.2977. — 1.7257 .u+ 3.6558 .¢— 71.3721 =O 
+ 6.6506 .%— 29.4170.y+94.7169.2+ 4.8028.w— 1.2279.u%+ 10.0588 .¢+ 0.8811 =0 
+ 2.3417.% — 15.2077. y+ 4.8028 .2+ 95.4264. w+ 22.4852 .u+ 9.9296.¢— 6.3676=0 
— 28.6800.%— 1.7257 .y— 1.2279 .%2-+ 22.4852 . w + 64.9391 . w@ — 18.3955 .¢+ 1.5614 =0 
+ 42.9192 .4%+ 3.6558. y+ 10.0588 .z2+ 9.9296. w— 18.3955 .u + 75.9614 . ¢— 23.7940 =0 
[22] = 55.0528. 
1886-87. 
+ 46.6864.x%— 1.8623. y— 3.2320.2— 2.2870.mw— 9.5717 . «+ 23.6198 . £— 11.6013 =O 
— 1.8623 .% + 177.6104 . y— 48.5196 .2+ 9.0238.mw— 0.1314.%¢— 1.9217 .¢— AI.7179 =0 
— 3-2320.x%— 48.5196. y + 58.3867 .2— 3.1992.mW+ 2.9288.u— 5.7123 .¢+4 LI.t2to = 0 
— 2.2870.%+ 9.0238. y— 3.1992 . 2+ 49.0068 . w+ 14.4043.u+ 2.8610.¢— 4.9667 =0 
— 9:5717-*%— 0.1314. y+ 2.9288 . 2+ 14.4043 . w+ 35.4952 .u— 2.9177.¢— 9.2236 =0 
+ 23.6195 .4%— 1.9217 -Y— 5-7123-.2+ 2.8610.w— 2.9177 .u + 43.6989 . — 14.7569 =O 


[v7] = 38.9675. 


The solution of these normal equations gives as values of the unknown quantities 
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1885-86. 
i eke adi = + 0.260836 + 0.0343548 weight 48.3629 
iS ¢.dP=-+ 0.216170 + 0.0137454 302.1150 
a= de=-+ 0.019977 + 0.0251270 90.4078 
DP = @A = + 0.044038 + 0.0262807 82.6447 
wz =sinl.dN= + 0.132795 + 0.0344253 48.1649 
i @I=-+ 0.179215 £ 0.0334734 50-9432 
230 equations [77] = 28.1043 
Probable error one equation + o!.239 [272.6] = 28.0935 
1886-87. 
dE =+ 0.190470 + 0.0465172 weight 32.0976 
é.d P= + 0.252928 + 0.0226554 135-3181 
de = + 0.036699 + 0.0397197 | 44.0237 
@A =— 0.054197 + 0.0405427 42.2547 
sin Z.d NV = + 0.353957 + 0.0486462 29-3496 
@L[=+ 0.277845 + 0.0473616 30.9633 
134 equations [rr] = 19-5410 
Probable error one equation + 0.264 [~2.6] = 19.5186 


The residuals found by substituting in the equations of condition the above values of the 
unknown quantities have been given in the comparison of observations with assumed elements. 
The mean distance of Titan from Saturn has been assumed to be 176.555, and has been 
put equal to unity in the equations of condition. Changing to angular measure, we have as 
corrections to the elements 


1885-86. 1886-87. 
@E=+  5/.079 + 0/6689 adE=-+ 3!.709 + o!.9058 
@P=-+ 144'.037 eBay cs ifort af = 168) .525 + 15/.0951 
de=+ 0.00011315 + 0.000142318 de=+ 0.00020786 + 0.000224971 
dQ=+ 0.0440 + 0.02628 d&\=— o!.0542 + o!.04054 
aN=+ 22!.811 25) On 4 @N=+ 60!.833 + 8'.3606 
dIZ=+  3'.489 + o!.6518 aL) 6! A416 + o!.9222 


Applying to our assumed elements the corrections that have been found we have the 
following osculating elements, using the apparent equinox of epoch : — 


1885; Dec223,13°. 1886, Dec. 20, 3°. 
E 226 53-24 + 0.669 E 110 20.08 + 0.906 
LR OTASTA,20, G15 P2754 58.9204" 15.005 
Ve 5t24) 2620) ers NV 124 41.80 + 8.361 
if 6 34.65 + 0.652 ve 6-35.93) 20.022 
7 168°11.70. -—E 1.47% i tOo 10-07 t= 12.077 
Zz 27 38.67 + 0.665 t 2742.05 0:04 5 
a £76" .600, 20.0203 a 176!,cor + o!.0405 
€ 0.029336 + 0.0001423 € 0.029431 + 0.0002250 


As it is evident that it is observations in many positions of a satellite that are of value 
for determining the elements, rather than repeated observations in a few positions, I resolved 
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the equations of condition, giving double weight to those belonging to the By when only 

eight pointings were made, and thus for every such night repeating and adding the two 
ro) 


equations of condition. In this way we get as normals 


1885-86. 
+92.2934.x+ 18.6451. y+ 8.5791 -2+ 1-4503 . W — 33.3248 .u + 51.0374 . f— 34.4736 =O 
+ 18.6451 .x + 373-1771 «7 — 30-3690.2— 18.3812. w— 1.8946.u+ 5.4280. ¢— 86.8617 =0 
+ 8.5791 .x%— 30.3690. y+ 111.0586 .2+ 5.1312.%@+ 0.1099 .u# + 10.9886.7+ 1.2515 =O 
+ 1.4503.x%— 18.3812. y+ 5.1312. 2+ 113.3004 . w+ 26.2138 . w+ 11.9872 -¢— 5.4651 =O 
— 33.3248 .x— 1.8946.y+ 0.1099.2+ 26.2138. w+ 74-9797 -%— 21.2777 .¢+ 2.8313 =O 
+ 51.0374-x+ 5.4280.y+ 10.9886.2+ 11.9872 .w— 21.2777 .u + 91.2691 . f— 30.4377 = 0 

[7 2] = 68.1906. 

1886-87. 
+ 55.5257.x¢%+ 6.8978.y— 6.1228.2— 2.6140. w— 11.6197 .u+ 28.0673 .¢— 17.2478 =O 
+ 6.8978 .% + 211.9621 .y— 57-4641. 3+ 9-5575-W— 0.5788 .u— 0.0521 .¢— 55.6827 =O 
— 6.1228 .x— 57.4641 . y + 69.2566 .2— 3.8677.w+ 6.1539.u— 7.3266.¢+ 13.3611 =0 
— 2.6140.%+ 9.5575 .y— 3-8677.2+ 58.0908 .w+ 17.2931 .%+ 3.4638 .¢— 3.9815 =O 
— 11.6197 -*%— 0.5788 .y+ 6.1539 -2+ 17.2931 . w+ 42.6672 .u~— 3.6488 . ¢— 10.9432 =O 
+ 28.0673 .x%— 0.0521. y— 7.3266.2+ 3.4638 .w— 3.6488 .w + 51.6900. ¢— 18.6128 =o 


[2 2] = 50.4365 


From these normal equations we get the following values of the unknown quantities : — 


1885-86. 
an dE = + 0.266654 + 0.0322538 weight 56.1766 
JY =_y €4P =+ 0.219219 + 0.0128148 355-8723 
eo de=-+ 0.007076 + 0.0234045 106.6893 
io dA = + 0.028530 + 0.0241903 99-8702 
w= sin J.dNV= + 0.132385 + 0.0323543 55-8285 
ea a@I =-+ 0.197608 + 0.0309304 61-0871 


272 equations 
Probable error one equation + o.!/242 


[u2.6] = 34.1694 


1886-87. 


” ” 


dE = + 0.211670 + 0.0448944 weight 37.8458 


e.@P=+ 0.272998 + 0.0217206 161.6815 
de = + 0.044090 + 0.0384037 51.7197 

@A = — 0.091903 + 0.0390752 49-9576 
sin.dV = + 0.373014 + 0.0468482 34-7548 
@I= + 0.284163 + 0.0457224 36.4883 


160 equations 
Probable error one equation + o!!.276 


[un .6] = 25.8202 
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Thus we have as corrections to the elements 


1885-86. 1886-87. 
al =-+ =5'.t92 + o!.6280 CY Tig SRS + o!.8742 
a@P=-+ 146'.064 + 8'.5384 adP=-+ 181'.897 + 14!.4722 
dé=+ 0.00004008 + 0.00013256 de=-+ 0.00024972 + 0.00021752 
@A=+ 0.0285 + 0.02419 ad&4=—  o!.0919 + o!.03908 
@N=+ 22!.442 eee GO aN=-+ 64!'.108 + 8!.0516 
dI=+ 3'.848 + o!.6023 Gd == Pam bale as + o!.8903 


Here the epochs are 1885, Dec. 26, 175, and 1886, Dec. 25, 2", and we have used the 
apparent equinox of epoch. As we see, the solution is changed very little by giving double 
weight to the equations belonging to the nights when only eight pointings were made, that 
is, by making those nights count as much as the complete sets of sixteen pointings. And as 
a failure to make the complete set of sixteen pointings was usually caused by difficulty of 
observation, I have thought it best to keep to the first solution, though in this way the nights 
when eight pointings were made have but half weight. 


§ 10. DERIVATION oF FinAL ELEMENTS. 


The elements given on p. 141, which we are to adopt, are referred to the apparent equinox 
of the epoch and are to be corrected for the periodic disturbances caused by the Sun. The 
corrections to be added are 


d& = + o/.856 sin (7, — P,) + o!.036 sin (27, — 2 P,) + o/.012 sin (24, — 2 P) + o!.560 sin (2 Z, — 2 4,) 
@dP=-—9/.6 sin(z24,—2 P) —o’.6 sin(24,— 2 90,) de = — 0.000082 cos (2 4, — 2 P) 
du =— 1'.82sin(2/,— 26, + 4° 36/) di = —o!.84 cos (24,—26,+ 4° 36/) 


where we denote by 


7, longitude of Sun on orbit of Saturn. Z longitude of Titan in its orbit. 
#, Perisaturnium of Sun on orbit of Saturn. FP longitude of Perisaturnium of Titan. 
6, longitude of ascending node of orbit of Titan on orbit of Saturn. 


HerMANN Struve, in Supplement I. aux Observations de Poulkova, has compared the elements 
found by himself with those determined before and has given the expressions for the pertur- 
bations of the orbit of Titan caused by the attraction of the Sun and of Iapetus, the ellipticity 
of Saturn, and the presence of the ring. The most probable mean elements as given by 
StruveE for 1885.6 + ¢ are 


Epoch 1885, Sept. 1.0 Gr. M. T. 
183 34-39 
272 48 + 31'.3 #¢+22/.0 (sin 2 g—sin 2 g,) 
167 45.92 + 0!.774 ¢ + 37'.75 cos (39° 43/ + 27’.0 2) 
27 28.32 — 0o!.006 ¢+ 17/.53 sin (39° 43! + 27/.0 2) 
0.029073 + 0.000186 (cos 2 g, — COS 2 g) 
22°. 2740116 


~ ra hy by 
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gis the distance of the Perisaturnium of Titan from the ascending node of its orbit on the 
path of Saturn, g, corresponds to the time ¢7=o0. Using the above expressions for the 
periodic corrections depending on the Sun and for the reduction of the mean elements, the 
Yale mean elements found from the two oppositions, reduced to 1886, May 1.0, Paris mean 


time, are 
1885-86. 1886-87. 


247 3-98 + 0.906 
274 35-42 £ 15.095 
16945213 co 32-077 

27 43-03 = 0.941 
176'.sor + o!.0405 
0.029359 + 0.0002250 


E 247 5-38 + 0.669 

iP 274 28.029. 1158 

A Ailes Line) Gey UigdlyAt 

4 27 39-42 + 0.665 

@ 176"509 “4.07 :0263 
€ 0.029253 - 0.0001423 


ew ae 2 Wy by 


Combining these two sets of elements according to their probable errors we have finally 
for the mean elements referred to the equinox 1886, May 1.0 


Epoch 1886, May 1.0, Paris M. T. 


E 247 4.89 + 0.538 

TE i POSS Ge YsSRXO 

m 168 14.61 + 1.200 

Zz 27 40.62 + 0.543 

Agel 70 38 [Ouest 0.024% 

€ 0.029283 + 0.0001202 
The probable error of A, + 0°.0243, is obtained by compounding the probable error + 0”.0221 
arising from the combination of the elements for 1885-86 and 1886-87, and which is thus 
the probable error found by comparing all the observations among themselves, with the 
probable errors of the scale value and division errors. For the distance A the probable error 
arising from the scale value, which can be neglected here, is 


+ o!/.00168. 


In order to get an idea of the influence of the probable errors of the division errors upon the 
semi-major axis the following table has been formed which gives the probable error of the 
division error of each division, the number of times each division was used, and the average 
distance of Titan corresponding to that division, the semi-major axis being taken as unity. 


ee Probable Error Number ; 
Division. Division Error. Times Used. Distance. 


10 1.18 
306 1.06 
467 0.96 

* 398 0.75 
182 0.64 

71 0.55 

B2 O52 
231 0.59 
466 0.82 
477 0.96 
183 1.01 

68 1.02 

I 1.20 


144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 


KN ONO NWNO AON 4 
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If the probable error of the division error of any division is denoted by v, and the number of 
times that division was used multiplied by the distance is denoted by , then the average 
influence on the semi-major axis of the probable error of one division will be 


== V aeue = + O*.0008 Ts 


14 


As the table shows, almost all the measurements were made with eight of the divisions, so 
that we can get approximately the influence of all the divisions by dividing the above 
expression by V8. And since a pointing depends on the difference of the two scales we 
must multiply by ¥ 2, and we get to represent the probable error of the semi-major axis 
arising from the probable errors of the division errors 


+ 0.00081 X /} X W/2 X 25! = + O!.0102, 


and compounding this with + 0”.0221, the probable error arising from the comparison of 
the observations among themselves, we get for the complete probable error 


+ 0.0243. 


§ 11. COMPARISON OF YALE, Ka:NIGSBERG, AND PuLKOvVA ELEMENTS. 


If by means of the expressions given by Struve we bring forward the final elements of 
BeEssEL to 1886, May 1.0, and do the same with Srruve’s most probable elements, we have 
the following comparison between Kcenigsberg, Pulkova, and Yale, all the elements having 
been corrected for the periodic terms of long period, 


1886, May 1.0, Paris M. T. 


Keenigsberg. Pulkova. Yale. 
£ 247 3-19 247 3-79 247 4.89 
P 274 0 273 9 274 29 
ft, 107-46.25 167 46.43 167 45.69 
2 27 28.86 27 28.32 2720.35 
€ 0.029223 0.029073 0.029112 


Besides the corrections to BrsseEL’s motions found by Struve, + 50” to the motion of the 
Perisaturnium and + 0.05 to 365.25 \ he has derived as the most probable corrections to £ 
and P, dE =+ 0.60 and dad P = — 40.0, but these last have not been applied in making 
the comparison. There seems to be good reason for believing that BrssEL’s motion of the 
Perisaturnium should be increased even more than 50” per year, and if we ascribe the 
difference between Kcenigsberg and Yale wholly to the increase of BEssEL’s motion we should 
get + 1910” per year, an increase of 80” over BrsseEt’s value. 

Besset’s Z, brought forward with his value of \ is 247° 0'.38. As Srruve shows, all 
subsequent determinations give a positive correction to BrssEL’s £, and we may correct £, 
or the mean motion, or both. Although Srruve corrects both the mean motion and £, it 
would seem from his investigation that any correction to BrEssEL’s mean motion is very 
doubtful, and I think it better to leave it unchanged. 
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§ 12, Mass oF SATURN. 


The final value of the semi-major axis was 
176.570 + o!!.0243. 


From the expression for the attraction of an ellipsoid of revolution we have for the mass of 
the system of Saturn, the mass of the Sun being unity, 


The values of the quantities required are 


T = 365.2563744 days. 
t = 15.9454245 days. 
Jb) = 9-53887 

I+ m = 1.0000030822 


BB 
1+ a (pe —4 $) = 1.000043360. 
In this way is found for the reciprocal of the mass of Saturn’s system, which we may call yp, 
3500.5 + 1.44. 


It is shown by Srruve that the value of w found by Besser from Titan, if we use the most 
probable scale-value and the proper mean distance of Saturn from the Sun, should be 3502.5, 
the probable error as given by BrsseL being + 0.77, while the values found by STRuvE 
himself from Iapetus and Titan are respectively 3500.2 + 0.82 and 3495.7 = 1.43, all of 
which are in substantial agreement with the Yale value. Thus, there would seem to be good 
grounds for questioning the results found by Prof. Hatt with the large refractor at Wash- 
ington. From Iapetus he finds for p, by means of differences of right ascension and 
declination 3481.2 + 0.65, and by distances and position angles 3481.4 + 0.97; from Titan 
the values corresponding to the same methods are 3496.3 + 1.84 and 3469.9 = 1.49. 
Although the difference in the values found from Titan might lead one to suppose an 
error in the value of a revolution of the micrometer screw, the remarkably good agreement 
of the results found by the two methods from Iapetus would not sustain this view, and no 
reason for the discrepancy is very apparent. 

Before closing I may remark that the probable error of the Yale value of the mass of 
Saturn may seem large, but it should be noticed that the probable errors as often given for 
the semi-axes major of the satellites’ orbits and for the mass are not the complete probable 
errors, but only those arising from the comparison of the observations among themselves, and 
do not always include, for instance, the probable error due to the uncertainty of a revolution 
of the screw, which for a filar micrometer may be quite sensible. 

The following is a table for the equation of centre and radius vector. 
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TRIANGULATION 


OF 


Se noe tN tne VICINITY OF THE NORTH. POLE: 


§ 1. INTRODUCTION AND PLAN oF Work. 


Tue following investigation was undertaken in consequence of a request from Prof. 
PickERING, of the Harvard College Observatory, to determine with the Heliometer the 
relative positions of a few stars near the North Pole, to serve as fundamental points for 
a photographic survey of that region. The stars in question were, however, so situated 
that to connect them well one with another several intermediary points would be necessary ; 
and as it happened at the time my plans were such as to admit of my giving several 
months to the work, I decided to enlarge the scheme so as to include nearly all the stars 
bright enough to be well measurable within a certain distance of the Pole. Accordingly, 
of the stars of the Bonn Durchmusterung brighter than 9.0, and not farther from the Pole 
in 1888 than about a degree and three quarters, twenty-four were selected for observation. 
There are four more stars falling in this category, but two of them were found to be 
rather faint, B. D. +89°.18, mag. 8.9, and +89.21, mag. 8.8; and the neighborhood of 
the other two, +88°.115, mag. 8.8, and +88°.117, the variable R Cephez, seemed already 
well filled by brighter stars. One star is called 9.0 in the B. D., +88°.94; but it was a 
desirable star to take for the method of triangulation adopted, and was not altogether too 
faint for accurate measurement. 

These stars cover a considerable area, and all the distances are large, comparatively, 
i.e. over 1,000”, with but a single exception. There could be no question that the measure- 
ment would have to depend on distance measures, as, apart from the inferiority of position- 
angle measures for stars so widely separated as these, the reduction of such measures of 
position-angle becomes very difficult and uncertain near the pole, as will be apparent from 
an inspection of the formulas given on page 35. This wide scattering made a method 
of measurement such as the referring of the points to be determined to a few fundamental 
stars not well feasible, and I decided to treat all the stars alike, and to measure all 
of their intermutual distances within the range of the Heliometer. These were found to 
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be 145 of all the 276 possible combinations, and the réseau thus formed is shown on the 
accompanying plate. The principal objection to this plan lay in the subsequent adjust- 
ment of the measurements, but several approximative processes suggested themselves for 
this, so that the difficulty did not seem insuperable. 

I had hoped to secure four measures of each of these 145 combinations during the 
period I could give to the work, together with measures for scale-value; but it was not 
found possible to get more than three before the work on and preliminary to the series 


of observations on Iris had to be taken up. 


§ 2. DETERMINATION OF SCALE-VALUE. 


As the conditions under which these measures were to be made differed considerably 
from those of my previous determinations of the scale-value, I thought it advisable to 
have an independent and simultaneous measure of this constant from stars near the Pole. 
For this purpose the two stars 51 Hfev. Cephei and 8 Urse Minoris seemed well adapted, 
as their distance could be measured by means of three intermediate stars of the triangu- 
lation, designated as 1, p, and o, and their positions are known with considerable accuracy. 
The measures made on this zone are presented in the following table, fully reduced, as 
set forth further on, together with the means and sum of the four distances. 


| 
pier . _ |sx Hey. Ceph. —¢ o —9 Urs. Min. 


| h, R R R 

February j 85 509.138 460.893 314.357 466.012 1750.400 
March 10.6 192 coun 380 5-988 413 
April 12.3 ; 183 O13 -368 5-995 -459 


May 14.4 Siyiss -906 365 6.007 -456 
June 16.7 -167 955 -379 5-966 -407 
July 17.8 : -I51 876 .360 5:936 323 
August 20.5 145 885 348 5-956 334 
September 22.4 2132 869 345 5:954 +300 


Means. . Lea © : 509.158 460.896 314.363 465.977 1750.394 


The agreement of the sums is not very satisfactory, but there is no ground for assuming 
any variation of scale-value during the period in question, and the discrepancy between the 
results in April, May, and June, and those in the three following months, must be due to 
a chance accumulation of errors. As in all of our previous series, no direct effect of tem- 
perature of any consequence is apparent. 

For deducing the scale-value from these measures I have taken the co-ordinates of 
51 Hev. Cephet and 8 Urse Minoris from the Berlin Fahrbuch, applying the proper motion 
to 1888.43, the mean epoch of the above measures, and for the intermediate stars the final 
values of the present triangulation as given on page 179. These data are as follows: — 
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t 
51 Hev. Cephei 2.9 NP. DL 10006:39 
t 3728.37 


p : 2685.92 


o 6296.23 
8 Ursa Min. 12199.76 


and furnish the values of the several distances contained in the following table, which 


gives also the observed values, with certain small systematic corrections applied which will 
be accounted for later on. 


Computed Systematic 


4 S| i Pe 
Distance. Corrections. Observed Distance 


y R R Mm 
gi Liev. Cepha — i 6456.92 — 0.005 509.153 = 6456.52 
Pp 5844.54 = 460.893 5844.54 


p-—o 3986.33 a 314.365 3986.43 
a — 8 Urse Min. 5908.67 = 465.974 5908.97 


22196.46 1750.385 = 22196.46 


If we attribute the probable error +0%.30 to the value 22196”.46, which is virtually the 
sum of the polar distances of 51 ev. Cephec and 8 Urse Minoris, and the probable error 
+0*.016 to the value 1750*.385, which follows from the probable error of a measured sum 
of the four distances of +0*%.045 = 0.57, we get the result for the scale-value 


My Mt 
R = 12.68090 0.00021. 


This value differs from that used for the Pleiades, 12”.68167 + 0.00012, and that found at 
that epoch from the Cygnus arc, 12.68152 + 0.00018, considerably more than would be 
warranted by the respective probable errors, but the divergence is of the same order as 
that shown by the several groups or periods of the previous work. There can be no 
doubt that for the reduction of this measurement this value now determined is. to be pre- 
ferred to any combination of values, and it alone has been used for this purpose. 


§ 3. THE OBSERVATIONS. 


For the purpose of finding the instrumental settings for observation the places of the 
24 stars were taken from Carrincton’s Catalogue, and converted into the system of rectan- 
gular co-ordinates proposed by Fasritius, Astr. Nachr. 2072, which may be considered as 
an orthogonal projection of the stars on a plane tangent to the celestial sphere at the pole. 
They are expressed by the formulas, which give them in seconds of arc, 
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y=isinvw wieostOr: 


&=C0sa~c0s.6*% 


where y denotes the value sin 1” or 1:206264.8. If y,, 4, and y, x, are the values for two 
stars, the required R. A., a, and N. P. D., m, of the point midway between the two stars, 
to which the Heliometer is to be pointed, and the distance, s, and the position-angle, f,, at 
this point are found with sufficient accuracy for setting the instrument and computing the 


refraction correction, from the expressions, 


2 7). sin a = Vi + Je s§.sin (a — fo) = V1 — Yo 
Zune COSIAj=— ees S$. COS (a) — fo) = x1 — Xp. 


In this series, each measure of a distance depends on four pointings, two in each position 
of the semi-lenses. For the second of each two pointings, the images were reversed 180° 
apparently, by means of the reversing eye-piece prism. The registering micrometer was 
fitted with a double pair of “fixed” threads one-half revolution of the screw apart, and in 
alternate pointings one or the other of these pairs was used, thus eliminating the principal 
term of any periodic errors of the screw. 

The results of these measures are found in the following pages, with the corrections 
applied for division error, refraction, and aberration. As the mean date of the three 
measures falls within 0.15 of a year of the mean epoch of the triangulation, 1888.4, and 
none of the stars have a proper motion exceeding 0”.08 annually, a correction for this 
would in general have been quite insensible. | 

No correction for non-coincidence of the optical centres of the semi-lenses has been 
applied. During the period of this work this non-coincidence never exceeded 2”.5, and 
hence the necessary correction was absolutely insignificant, amounting only in one case to 
more than 0”.003. 

The 24 stars are designated by the letters a, 8, . . . w, and besides the results of the 
distances expressed in semi-revolutions of the micrometer screw, the temperatures (of the 
outer air) and their means are given. 
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Mean, 
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June 
Mean, 
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Mean, 
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June 


Mean, 


1888, Feb. 
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June 


Mean, 


1888, Feb. 


22 


Mar. 31 


June 
Mean, 


1888, Feb. 

Apr. 

June 
Mean, 


1888, Feb. 

Apr. 

June 
Mean, 


79 


a B 
R 
130.853 
834 
.841 


130.8427 


Oy 
R 
101.252 
264 
-248 


101.2547 


ms) 
R 
260.591 
558 
575 


260.5747 


Qe 


R 
181.740 

-768 

823 
181.7770 


af 
R 
242.151 
aig: 
-149 


242.1443 


ay 
R 
447.332 
-367 
365 
447-3547 


a @ 

R 
516.904 

921 

O12 
516.9347 


ate 
R 
522.458 
411 
461 
522-4433 


THE OBSERVATIONS. 
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§ 4. ADJUSTMENT OF THE MEASUREMENTS. 


For a rigid comparison of the preceding measures with a system of rectangular co- 
ordinates which will be the best adapted for the purpose of adjustment, either the distances 
on the sphere must be computed from these latter or the measures projected on the plane 
of the system. I have chosen this second method, and applied to the observed distances 
the corrections in the following table, computed by the formula, 


I I F ; 
4 24 . is Ta 8 . (74?— 1797)? 7 Sy 


where s is the distance of the two stars, 7, and z, their polar distances, all expressed in 
terms of the radius. 


Each observed distance will then furnish an equation of condition for the corrections 
Ay. M%a Aye, At, etc., to the assumed co-ordinates y,, %, Va, Ya etc., of the form 


ote) 6 Xa — Xp wy Bia Ve. XB = Xa 
- Aya + - Axe + ~ Aye + 


. A xg = Obs. — Comp., 


and the following pages contain the equations thus formed. For the sake of brevity, however, 
the corrections Ay,, Ax,, etc., are denoted by y,, x,, etc. The system of co-ordinates assumed 
for forming the values Obs. — Comp. is found on page 178, and was derived from CarrINc- 
Ton’s places by a couple of approximations such as are described further on. Two systems of 
such values Obs.— Comp. are given, the second being values which result from the application 
of certain systematic corrections to the measurements which will be shown in due sequence 
to be required. The last column gives the final residuals left by the substitution of the 
- adopted corrections in the several equations of condition. 
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0.980 x, 
OO X¢ 
514 Xo 
580 Xe 
922 Xp 


+++] 4+ t4+4+4+4+ 441411 


0.934 X¢ 
.046 Xo 
+2290 Xn 
849 Xp 
560 x6 
707 Xz 
179 Xv 
896 x 
.867 ry 


0.693 Xo 
710 Xe 
O9E Sp 


-QIIX, 


f+tt F4+4+4+4+4+4 | 


0.745:%n 
849 Xp 
O73 ve 
995 Xr 
992 Xy 
99° Xo 

1.000 Xy 


+++4++4++ 


++4++])+ 1+ 


+4414 


| 


eects (| 


[+1 + +++ +t! 


+1 +++ 14+ 


+i Ett Pltti+ 1+ 1+4it 


++14+1 


Pecan) 


| 


+) +++ 1+ 


Residuals, 
R. 

+ 0.0208 
.0085 
.0022 
.OO4I 
-O170 


0.0103 
-OILI 
-O104 


.0233 


0.0212 
-0143 


0.0100 
.0108 
.0066 
.0281 
0125 
-0007 


.0002 
.0207 
-O171 
.0077 
.O177 


.OO4! 


0.0093 
.0027 
-O104 
-OLIg 
-009O 


[+++ 


| 


.0056 
0059 


.0257 
.0061 


-0203 


hoe 


++ | 


0198 
.0008 
-O170 
.OO15 
.0066 
.0O10 
.0034 
.0159 
-O154 


[+++ | 


0.0097 
.0063 
-0052 
.0049 


+1 t+ +141 


0.0273 
.0271 
.0007 
-0079 
.0057 
10334 
.0209 


Crd 
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Residuals. 
R. R. 

+ 0.0085 — 0.0035 
— .0088 + .o104 
-0209 +- .0200 
.0099 — .0077 
.0098 .0072 
.O241 .0189 


Equations of Condition, 


+ 0.490 Xp 
1925 Xo 
O71 Xz 
I a) 
918 x4 
982 xy 


— 0.872 Vr 

+ .380 
239 
-105 


+399 
.188 


0.0076 
.O150 
.O102 
0059 
.0083 
-0242 
-0183 


0.280 Xz 
474 %1 
Obey 
939 Xp 
881 Ly 
-996 xx 
1997 Xa 


<O132 
.0148 
-0045 
.0075 
.0138 
.0251 
-OIgI 


0.960 Vp 
.880 
708 
345 
472 
-083 
163 


I+ +44 | 
J+ +++] 


ees 


-996 
987 


teas 
eusaed 
oe 


| 


.0046 
.0015 
.0003 
.0077 
0099 


.0090 


.0003 
.0O15 
0057 
LO11S 
.0076 
.0065 


1.000 Vg 

0.779 
892 
.672 
537 
794 


0.003 Xg 
.627 
452 
741 
844 
608 


0.003 X; 
627 xy 
-452 Xp 
745 typ 
344 Xx 
608 Xu 


+++4+4++ +11 

+++ 

++ 1414 
[+++ | 


0.0011 
-0007 
.0234 
-OF5E 
-0044 


.0054 
.0018 
.0291 
.0128 
-OO51 


0.204 Vr 
615 


“120 
.288 
.629 


= 0.979 Xe 
789 
992 
957 
775 


0.979 Xv 
-759 *o 
992 Xy 
‘957 Xx 
775 %w 


et aiactsn| 
mdb ighiat 


0.182 Xy 
.889 
-QII 


0.182 x4 
889 Ky 
O1L ay 


0.0096 
.O122 
.0046 


-O02T 


-O159 
.0032 


0.983 Yv 
-458 
413 


Het +++e+ Fttttt F+tttt+ +4444 


++ +4441 


801 


0.739 Vp 
a2 
-641 


0-397 Vy 
.896 


— 0.610 yy 


598 


0.674 x 
“904 
769 


0.918 xy 
446 


+ 0.792 Xx 


+ 0.397 Vx 
+ .896 Vo 


+ 0.610 Yu 


+ 598 %w 
+ 0.674 xy 
+ +994 Xx 
+ .769 %w 


+ 0.918 x, 
SUP VAWAN(O) 6 


— 0.792 Xw 


l+1+ 


10: OO OM Ol 


.0067 
0.0017 
-O125 


-oo61 


0.0332 
.0274 


0.0037 


.0089 


0.0095 
-O140 
.O081 


eee 


+ 0.0312 
+ .0268 


+ 0.0042 


3 2 = 0.05137 OF 0.02875 Buvuv= 0.02649 


The formation of the normal equations is a comparatively simple matter, as but five 
(or, with the check sum terms, seven) products have to be formed for each equation of 
condition. These normals are given on the following pages, only it was not thought worth 
while to write out each one in the usual symmetrical form, as it would then have to con- 
tinue on several pages. So the normal for each unknown is given in succession, omitting, 
previous to the principal term, the ones which are already contained in the preceding 
normals. These computations, I may mention, were made with the use of the slide-rule, 
and the last decimal used is in general one or two units uncertain, a matter of no conse- 
quence whatever. The second absolute term is that resulting from the second similar term 
in the equations of condition. 


+ 9.697 Vo 
— 0.998 Ve 
0,208 9, 
— 0.650 74 


+ 6.036 V. 
O41 ly, 
— 0-477 Yo 


+ 5.33498 
— 0.692 Ve 
— 0.746 Vy 


+ 0.462 Ve 
— 0-435 Vu 
+ 7.892 7, 


— 0.378 3" 
— 0.750 Vp 


+ 0.485 Vn 
— 9-433 Vo 
+ 9.422 Vs 
=< 0-990 %0 


moo 7° 
— 0.986 Vp 


+ 0.098 ye 
— 0.500 Vo 
+0.125 V6 
+ 7.084 Ve 
=OsOLOie 
+ 0.132" 
+ 6.398 3'¢ 
rT) x 


+ 0.165 Vy 


~ + 4.556 Iq 
— 0.634 Ww 


— 0.482 Py 


+ 5-119 Vo 


+ 1.191 XQ 
+ 0.036 Xe 
TPOVAUE A, 


— 0.477 X 


+ 5.296 Xa 
—O.0OlX, 
Osos vy 
0.350 4% 


— 0.084 xg 
+ 0.462 x2 
F O-435 %y 


aP 5.667 xp 
= Os O0Ie 
— 90.253 Xy 


SO EA, 
+ 0.485 Xn 
PASS > 


+ 5.107 xy 
— 0.623 Xy 
—0.250Xh 


+ 0.064 x3 
+ 0.098 x6 
— 0.500 Xo 
PO.125 06 


+ 3.584 xs 
— 0.010 x9 
=O.472 Xe 
— 0.016 x4 


Os OiVe 
+ 0.132 % 


+ 3.919 X< 
— 0.984 x 


— 0.887 xz 
+6.165 x, 


+ 3.602 %¢ 
— 0.028 xy 


= TO8n a. 
OVA Oe Ay 


+ 5-451 Xy 
— 0:366 4, 


— 1.585 xo 


+ 3.880 x9 


ADJUSTMENT OF THE MEASUREMENTS. 


— 0.331 ¥g 
— 0.998 y¢ 
—O.20 29/5 
— 0.847 Jy 


—0.486 yg 
+ 0.020 ye 
— 0.408 Vp 
— 0.361 yy 


— 0.045 Vy 
— 0.297 Vn 
— 0.996 Vx 


+ 0.208 yy 


+ 0.457 Vn 
— 0.068 yx 


= 0.039 Vs 
— 0.539 Yo 
= 0.885 vy 


— 0.193 Vs 
+ 0.499 Vo 
— 0-317 Vy 


SOS AAG) SE 
— 90-475 Ve 
— 0-729 Vp 
— 0-937 Vy 
— 0-419 Ve 
+ 0.500) 
— 0.445 Vp 
+ 0.242 Vy 


— 1.000 ye 
— 0.839 vo 


— 0.029 Ve 
— 0.368 J 


— 0.100 7. 
— 0.986 Yu 


+ 0.301 Yn 
—iOsnL OV 


— 1.000 Ye 


+ 0.009 ye 


7 2959s 


— 0.498 


Lormal Equations. 


— 0.486 xg 
+ 0.020 x¢ 
— 0.408 Xp 
— 0.361 ty 


— 0.619 xg 
— 0.000 xg 
—0.785 Xp 
0.154 X%y 


+ 0.208 x, 


+ 0.457 Xn 
— 0.068 x, 


0.955 *y 
— 0.704% 
=(0,005 Ny 


SOS ts 
+ 0.499 x@ 
= 0.317 ty 


— 0.960 x3 
— 0.469 x9 
SOligiry 


— 0.419 Xe 
+ 0.500 X 
— 0.445 Xp 
+ 0.242 Xy 


meine 
—IOLRIZOW 
= O.2710, 
— 0.062 xy 


— 0.029 X¢ 
— 0.368 x% 


—0.001K ¢ 
= 0.162 X% 


+£0.301 X, 
—0.116 X%w 


= OOLN y 
SCUOLA Bit 


+ 0.009 X@ 


— 0.986 yy 
SEY ea 
HEE 
— 0.910 yy 


—O.117 Vy 
+ 0.495 Vn 
O45) 
+ 0.283 Vx 


— 0.009 Vs 
— 0.430 Vo 
— 0.699 Vu 


— 0.095 Vs 
+ 0.495 Vo 
— 0.457 Ju 


— 0-951 Ve 
— 0.082 %, 
— 0.966 yy 


+ 0.216 ye 


+ 0.275 VU 
+ 0.184 x 


OSES 
= 0.069 Vx 
— 0.972 Ir 
— 0.449 Vx 
— 0.485 ¥¢ 
+ 0.254 Ve 
=I OnlOnny 
+ 0.497 Vx 


— 0.230 Vy 
— 0.962 Vy 


+ 0.421 Vy 
+0.189 yy 


— 0.287 Yo 


+ 0.452 Yo 


— 0.240 y 


— 0.428 y, 


— 0.247 In 


— 0.431 Ve 


MOLT a, 
+ 0.495 Xp 
—0.495 Xr 
+ 0.283 ry 


=<0.0184 dy 
01429 .%, 
— 0.429 x, 
— 0.088 x, 


— 0.095 Xs 
+ 0.495 Xo 
SNe cae 


— 0.992 x5 
— 0.570 Xe 
— 0.299 %w 
+0.216 X- 


TOa2 7.5101 
+ 0.184 x, 


— 0.049 Xe 
—0.918 x 
='0:035 xy 
— 0.485 x¢ 
+ 0.254 Xe 


— 0.164 X7 
+ 0.497 Xx 
— 0.624 x¢ 
— 0.929 Xx 
— 0.028 x, 
— 0.551 Xx 


+ 0.421 xX, 
+0.189 xy 


SOu7 Tin 
— 0.037 Xx 
+ 0.452 Xo 
70.712 x6 
— 0.428 x, 
— 0.762 x, 
— 0.431 Xx 


~ 0.753 


— 0.032 Vs 
— 0.677 yo 
— 2-745 Yu 
—0.90I Vu 


+ 0.176 ys 
+ 0.467 yo 
ia 0.436 Vy 
97 @ 


— 0.460 Ye 
mes19 Te 


+ 0.498 ye 
7 0495 I¢ 


— 0.986 ye 
BAER E RL. 
— 0.941 Vw 


+0.116 ye 
— 0.478 Vp 
OZ AaVey 
— 0.984 J» 
— 0.125 Vy 
— 0.998 Jv 
— 0.494 Vu 
+ 0.123 Vy 
HOSSOT¥ 
+ 0.051 Vy 
+ 0.501 Yu 


— 0.419 Yo 
— 0.980 Yu 


+ 0.494 Ve 
— 0.132 Vo 
— 0.000 y, 
+ 0,001 


== Osher: 


— 0.326 Ye 


+ 0.176 x3 
+ 0.467 x9 
—Or4 a Ons 
=(05299 Va 


— 0.968 x5 
— 0.323 Xo 
= O:2bGes 
= O;0909 ira 


+ 0.498 x- 
— 0.495 X¢ 


— 0.540%. 
—O1422'X4 


+ 0.116 xg 
— 0.478 Xp 
O12 34 Ven 


— 0.014% 
— 0.648 Xp 
C1058 We 


TOsl22i0, 
— 0.330 X 
+ 0.051 %y 
+0.501 Xy 


—O.015 Xx 
— 0.876 x, 
— 0.003 Xy 
= 1507 Ves 


+ 0.494 Xo 
— 0.132 Xu 


— 0.582 xo 
— 0.018 Xp» 


+ 0.001 x, 


— 1.000 X, 


= 6.520 4, 


— 0.880 x, 


= — 0.0344 
— 0.0225 


+ 0.0144 
— 0.0098 


= 0.0152 
or + 0.0314 


= +0.0008 
or —0.0132 


= 0.0305 
or —0.0214 


=O, OO 
or — 0.0160 


— 0.0567 


— 0.0180 


+ 0.0340 
— 0.0000 


— 0.0163 
— 0.0150 


+ 0.0302 
+ 0.0477 


= —o0.01I10 
or —0.0016 


=I 010205 
— 0.0209 


+ 0.0035 
+ 0.0003 


+ 0.0359 
+0.0178 


— 0.0032 
or + 0.0053 
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168 


+ 4.572% 
— 0.821 wy 
— 0.384 Jv 
+ 5.180 x 
— 0.949 Ve 
0.221 VE 
+ 4.300 Ya 
— 0.857 Yo 
+ 9.348 Yo 
T 4.904 Vu 
— 0.664 x 
10.472 Yn 
+ 7-344 


= 9.281 Jp 
ASAE) 


+ 0.450 Yp 
+ 0.3938 Vo 
+ 4.859 y¢ 
—0.170 Jz 
+ 0.375 x 
+ 5.617 Yo 
— 0.010 yz 
+ 0.101 Jz 
+ 3-719 Vn 
= 0.001 yy, 
—0.104 Yy 
+ 7.347 Vp 
0.119 Yo 
F 0.324 Vg 


+ 5.764 Yo 
— 0.452 y 


I+ d+ 


I) ar 


eae ar ol 


t+ ++) 4 41 


1.458 x, 
0.384 Xp 


8.436 x 


0.180 x, 


0.730 Xx 
0.221 X¢ 


AeO2BtciR 
0.052 X¢ 


eer. 
0.348 Xo 


2.700 Xn 
Opis | Gi 


0.696 Xp 
0.472 Xq 


3.100 Xp 
0.336 Xn 


2-434 xy 
0.450 Xp 
0.398 x4 


7.660 xy 
0.721 Xp 
0.803 x4 


0.478 x 
0.375 Xr 


4-142 xg 
0.830 Xx, 


1.509 Xo 
0.101 x, 


7.336 Xo 
0.990 4, 


0.731 4X5 
0.104 Ly 


6.281 X_ 
0.988 x, 


1.654 Xp 
0.324 .%4 
10.650 Xp 
0.882 x4 


0.818 x, 
0.498 xy 
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— 0.060 x 
— 0.578 Ye 


— 0.237 In 
— 0.494 ¢ 


0-419 Va 
— 0.964 Vo 


9-494 Ix 
+ 0.184 Vo 


— 1.000 Vy 
~ 9-393 Ip 


FO: O85 Na 
+ 0.488 Vp 


— 0.040 y, 
— 0.150 Vp 
+0.196 y, 
+ 0.357 Vp 


— 0.127 yz 
—O:007 Ne 


— 0.248 yy 
= O-333 75 
+ 0.464 Vo 
+ 0.432 Vy 


70.521 Vo 
+ 0.500 Yo 
— 0.446 Yq 
— 0.016 py 


+ 0.498 Vr 
+ 0.125 Jv 


— 0.760 Jp 
79-459 5¢ 


— 0.427 Yp 
— 0.366 y4 


= 0.922 Vo 
=0:223 Wy 


+ 0.269 Vo 
+ 0.416 yy 


1000.9, 
— 0.288 yy 


Normal Equations. 


0.237 Xx 
— 0.494 X¢ 


— 0.943 x 
Onda e 


0.494% 
+0.185 Xo 


= 0.55200 
— 0.035 Xo 


+ 0.035 Xp 
+ 0.488 Xp 


— 0.001 Xy 
— 0.607 Xp 


+0.196 x, 
+ 0.357 Xp 


— 0.960 x, 
— 0.850%» 
=O0:333'*¢ 
+ 0.464 X6 
+ 0.432 xy 
10.872 XE 
0.314 %e 
—O.752 44 


+ 0.500 Xo 


Oso Ova 


+ 0.498 x, 
+0.125 %y 


— O56 Sia, 
— 0.984 ty 


=0.427 Xp 
— 0.366 x4 


=0.240 %, 
— 0.843 x% 


+ 0.269% ¢ 
+ 0.416 xy 


SOON Ove 
— 0.776 xy 


— 0.003 x, 
— 0.453 Xx 


0.135 Va 
— 0.999 ¥p 


— 0.341 Ya 
t 0.099 Vp 


— 0.895 Yu 
— 0.608 Vp 


— 0-309 Iu 
+ 0.488 yp 


— 0.496 y, 
+ 0.500 py 
— 1.000 ye 
O00 


— 1.000 Yo 
— 0.500 yz 


— 0.046 Vo 
+0.500 Jr 


— 0.496 Jn 
+ 0.500 Vx 
— 0.280 fp 


— 0.019 Vp 


0-449 Vp 
— 0.138 Vo 


— 0.144 Yo 
— 0.035 Vy 


+0.351 Yo 
— 0.185 Vy 


78774 I7 
— 0.007 Jy 


+ 0.417 Jr 
+ 0.084 Jy 


— 0.607 yy 
— 0.630 Vu 


— 0.341 X\ 
+ 0.099 Xp 


— 0.865 Xx 
— 0.010 Xp 


— 0.309 X4 
+ 0.487 Xp 


— 0,107 X, 


70.391 Xp» 


+ 0.500 x, 


10504 %, 


— 0.001 X¢ 


— 0.000 xg 


— 0.046 x5 
+ 0.500 x, 


—='0.002)X, 
> 0.500%; 


+ 0.500 X, 
SOsn OA 
— 0.449 Xp 


— 0.138 xg 


=0:721.4, 
— 0.980 xg 


[Onell aa 
0.185 xy 


OOS Ot 
= 0.964 ty 


+ 0.417 Xr 
+ 0.084 xy 


01225 vs 
™ 9-993 4x 


—o.488 x, 
—0.433 %y 


—O-419 Vp 
— 0.494 Vu 
— 0.848 y, 
+ 0.358, 
— 1.000 y¢ 
+ 0.019 Ye 
— 0.736 Yo 
+ 0.441 Yo 


= 0-947 Vx 
POEL EBA 


+ 0.223 Vr 
+ 0.488 yy 


—0.018 Jp 


TOUS aay 
=0.235.95 
— 0.000 jy 


+ 0.426 Yo 
+ 0.018 vy 


— 0.057 Vr 
0,232 9, 
— 0.501 Vy 
0.027 Ju 


F 0.499 Yo 
+O.261 ¥5 


— 0.796 Ve 


— 0.494 Xp 


70.502 Xp, 


+ 0.358 x, 


= O.15 1 8p 


+ 0.019 x¢ 


— 0.000 Xf 


+ 0.441 Xo 


—OmOAo 


+ 0.223 Xp 
+ 0.488 xy 


= 0.052 Xy 
= 0.607 x, 


+£0.133 Xp 
— 0.982 Xp 
+ 0.426 Xo 


+ 0.018 xy 


+0:762 Xe 
— 1.000 XY 


= O:232 25, 


~ 0:943 47 


+ 0.499 Xy 
= 0.161 &,, 


— 0.497 Xy 
— 0.974 Xa 


— 0.403 X% 


R 
= +.0.0161 
or —0.0141 
= 10.0027 
Or — 0.0005 


or 


+ 0.0273 
+ 0.0109 
= +0.0043 


or +0.0263 


+ 0.0152 
Or — 0.0000 


= +0.0174 
or — 0.0086 


or 


— 0.0038 
+ 0.0014 


= +0.0018 
or — 0.0009 


+ 0.0926 
— 0.0037 


+ 0.0798 
+ 0.0389 


= — 0.0168 
or —0.0170 


or 


+ 0.0002 
+ 0.0034 


— 0.0781 
+ 0.0117 


— 0.0489 
+ 0.0002 


— 0.0674 
f = 9.0514 


= = 0.6472 
or — 0.0079 


= +0.0569 
or +0.0322 


or 


+ 0.0378 
=O0L71 


— 0.0630 
— 0.0270 


— 0.498 Jy 
+ 4.971 Ir 
> 0.033 Vx 
= 0.276), 
a5 .302 9, 
= 0:042))5 


— 0-479 Vo 


+ 7.408 yp 


+ 6.105 Vy 


+ 8.282 


+ 4.238 Xo 
— 0.549 Xy 


+ 0.624 x; 
= 0.2704, 


+ 8.024 x; 
= 0.916 x, 


+ 1.106 x, 
= O.470 Vag 


+ 6.696 x, 
=O:2 50a 
+ 2.646 x4 
+ 7.601 xX% 
+ 1.486 xy 
+ 7.894 xy 
=0:236 xy 
+ 6.652 x, 


+2.757 Xo 


ap Ailes oem 


ADJUSTMENT OF THE MEASUREMENTS. 


— 0.003 Vr 
— 0.453 Vx 


— 0.042 Vy 
— 0.396 Yo 


+ 0.200 Vy 
— 0.487 Ju 


— 0.966 V5 


ey 


— 0.546 yy 
+ 0.498 Vy 
— 0.158 Jy 
— 0.364 Vx 
— 0.372 Su 


+ 0.483 Yo 


Normal Equations. 


=—iO,00OKV > 
O17 52a, 


+O: 200%, 
TOCA O evs 


= O.ggaty 
10.004. Xu 


— 0.179 Xb 


— 0.033 Xp 


+ 0.498 xy 
— 0.454 ty 
— 0.364 x, 
O04 325 
+ 0.483 Xu 


= 0.627 Xu 


— 0.488 y, 
— 0.483 Yu 


— 0.378 yg 


— 0.485 V4 


— 0.210 Vy 


OAT By 


— 0.013 Vy 
=O.18t Vy 
— 0.803 Vo 


— 0.400 Yo 


0,305.40 
=O370 0, 
(op Aisi, 23 
= 0.623.065 


— 0.407 vy 


= 0.790. %y 


— 0.403 ¥¢ 


— 0.016 yy 


=O. 25 yy 


—O.17!1 Vy 


— 0.376 Ix 


SSOEAD Pn 


wr e-4935.7 6 


—O.20n ag 


— 0.125 Xy 


— 0.984 Xy 


0.370%, 


— 0.830 xy 


R 
= — 0.0099 
— 0.0060 


+ 0.0003 
+ 0.0084 


+ 0.0198 
—Or02 73 


— 0.0184 
—0:0210 


+ 0.0414 
+ 0.0041 


+ 0.0253 
+ 0.0451 


— 0.0070 
+ 0.0024 


— 0.0336 
+ 0.0014 


+ 0.0462 
+ 0.0350 


0:02.55 
— 0.0012 


ja OsOlali7, 
+ 0.0045 


+ 0.0033 
— 0.0042 


— 0.0218 
— 0.0046 


The ordinary symmetrical solution of these equations, while not a matter of entire 


impossibility, would involve an amount of labor altogether incommensurate with the value 
of the results sought for. I have therefore adopted a plan which has been resorted to by 
various computers when such a large number of unknowns were to be determined. This 
consists in taking from the principal and absolute terms of each normal equation a value 
for each unknown, neglecting all the other terms. We thus get sets of first approxima- 
tions for all the unknowns, which being substituted in the normal equations do not satisfy 
them, of course; but from the residual errors we can derive a set of corrections to these 
first approximative values, and, proceeding in a similar manner with these corrections, 
derive a set of corrections to them, and so forth, until the normal equations are completely 
satisfied. 

The following table contains the successive approximations deduced from the first system 


of absolute terms in this manne: as far as a sixth repetition of the process, which is not 
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by any means a laborious one. It then appeared from an inspection of the successive 
corrections, that these did not decrease regularly, but seemed to follow the rule that the 
sums of two successive values formed a series converging towards zero. Thus, for instance, 
for the first set of values, for y,, the sums of I. and IL. Tih. and: 1V.. Ve anc. lo aormethe 
series —0.0010, +0.0001, and +0,0002, which has already converged sufficiently for our pur- 
pose. But for the second set, for x,, these sums are —0.0050, —0.0051, and —0.0027, where a 
convergence is indicated, but by no means attained. To expedite matters, I have therefore 
in all such cases as this latter one made an estimation of the probable amount of the sums 
of the following terms, by drawing a curve through the plotted values of the pairs of solu- 
tions as ordinates, making this curve approach gradually the axis of abscissas, and reading 
off the subsequent ordinates in equal intervals. The result of this process is given as Solu- 
tion VII. below, and that of a further substitution as Solution VIII. These last corrections, 
it will be seen, are almost insignificant, in general, and although the sums of the eight ap- 
proximations, which furnish the required values of the unknowns, will probably not satisfy 
the normal equations exactly, still they would probably agree with values that did this 
rigidly far within the probable errors they are liable to. 


Successive Approximations. 


ie Xo, Jp XB Jy vy Js a) 
Solel: —.0027. —.0065 + .0027  —.0027 + .0001 —.0059 +.0o011 —.0066 
Smit. +-.0017  - .0015 -+-:.0001. —.0047 +.0005 -+.0001 —.0005 —.0007 
Gy NUE. —.0008 —.0051 —.0002 —.00I14 +.0001 —.0oo41 +.0002 —.0008 
ce Ve + .0009 —.0000 + .0003  —.002I1 =|-)-00037 -——.00OOL = 0008 ——OONS 
OV —.0002 —.0028 + .0003  —.OOII —.0000 —.0023 +.0001 —.0002 
WAL + .0004 + .0001 + .0001 —.Ooo10 + .0003 + .00o1 + .0001 — .O00I10 
5 WARE + .0000 —.0025 —.0000 —.0015 —.0000 —.00I5 —.0000 —.oo10 
BS WAGTII —.0008 —.0003 —.0003 —.0006 .0000 —.0008 +.0004 +.0001 
sum —0015 —.0156 + 50030 —-.O1SI -+-.0083* == 0145 + .0015 —.Or117 

Ve Ke 5 45 In Xy Je x6 
Sol. I. +.0048 —.0042 + .0047 —.0030 —.0065 + .0006 + .0070 —.0008 
ANE —.0002 + .0013 = 0003. = O01 +.0084 —.oo10 +.0029 + .0009 
i OE +.001I —.0034 -- .0O017 —.0023 +.oo1r +.0018 + .0025 « + .0083 
OS AW —.0002 + .0006 —.0004 + .0009 + .0036 —.0005 + .0030 —.0002 
Te We =-;0005 —.0027 + .0009 —.O0I5 + .0013 + .0012 + .0013. +.0018 
Sev els —.0002 + .0004 —.0002 + .0008 +.002I —.0004 + :0021  >=-.9008 
BS WATE. 0000) | —-,00 15 + .0005 —.0005 =--0020) 1.0005 +.0030 + .0015 
SS WAC + .0005 —.0005 + .0003 —.0009 —.0004 + .0003 —.0005 - + .0007 
sum + .0063 —.0094 + .0072_. —.0050 +.0126 + .0025 + 0213. +..0047 

NM X Ire Xx In aN In Xu 
Solely +.0035 +.0074 + .0053 + .0009 +.0035 -+.0064 —.0008 +.0006 
Ue +.0046 —.0015 +.0005 -+.0000 —.0005 +.0052 —.0015 + .0081 
io TBD +.0024 +.0018 +.0007 ++ .0023 — .0004. + .0023 +.0018 +.0022 
SG AWE + .0025-° —.0005 +.0009 + .0015 + .0011 + .0017 +.0002 + .0024 
aE + 0012 + .0012 +.0002 +.0008 —.0000 + .0019 +.oo10 + .0016 
Se WAL. + .0017  —.0002 + .0009 + .0013 + .0008 -+.0007 +.0005 + .0015 
vO: +.0015 + .0005 +.0005 + .0005 —.0000 + .0015 +.0005 +.0020 
oom Vell +.001l1 —.0004 + .0003 + .0010 +.0009 + .0011 +.0007 + .0006 
Sum +.0185 + .0083 +.0093 +.0083 +.0054 -+.0208 +.0024 + op Cele) 
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§ 5. SysTEMATIC Errors or MEASURES. 


The values just derived for the corrections to the assumed co-ordinates might thus have 
been considered sufficiently final, if a considerable amount of systematic discrepancy had 
not been revealed when the residuals left by their substitution in the equations of condition 
were formed. These residuals soon showed themselves to be a function of the distance, 
and this fact is very apparent from the table on the following page, where they are arranged 
in order of increasing distance. | 

The signs of these values are such that they give the corrections of the observed 
quantities, and it is quite clear that the shorter distances have been measured too small 
relatively to the larger ones. This was already apparently the case in my measures 
of the Cygnus arc (page 32), and the Pleiades measures show distinct traces of a 
discrepancy of this nature. And lately Dr. Gitt, in discussing the series of Heliometer 
measures made on the Victoria comparison stars has found this to be the general case 
for most if not all Heliometer observers with the new Heliometers (see Asty. Nachr. 
3107, 3108). 

On careful consideration of the subject it appears to me that. this error is most likely 
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Distance. Distance. Distance 


Ri 
345 
345 
347 
348 
35t 
354 
356 
361 
361 
364 
367 
370 
377 
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386 
387 
389 
393 
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400 
401 
410 
417 
421 
425 
426 
433 
446 
447 
447 
447 
451 
452 
453 
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to be mainly due to the presence in the field of the instrument of the pairs of coarse 
wires placed parallel and perpendicular to the line of section of the semi-lenses. These 
wires serve to designate the centre of the field, and were as a rule made plainly visible 
by a slight illumination of the field. 

It has been pointed out by Franz (Astr. Nachr. 2649) that the curvature of the paths 
described by the images when the instrument is rotated in position-angle must have an 
influence on the measurement of the distance. He shows that if the observation be 
effected by passing the two star-images over each other in such a manner that, consid- 
ering one image as fixed, the two positions occupied by the moving image fall in a straight 
line with that of the fixed image, then the distances will be measured too large by the 


quantity 
5 (sec 4 Ap — 1), 


when Ag is the amount of rotation in position-angle. 
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This is undoubtedly the case if there be nothing in the field but the two star-images ; 
but if there are wires, placed as above described, it is far more likely the observer will 
not retain in the memory the first position of the moving’star but consider the coincidence 
as perfect when the line joining the two images was parallel to the direction of the wires 
both before and after the passing through. In this case it will be found that the 
measured distance will be too small by the amount 


5s (1 —cos % AP). 


This will be evident from the following figures, the first of which shows the case of the 
older Heliometers, treated by Franz. For on separating the images from their super- 
position at O, by rotating in position-angle, the amount of this rotation being here of 
course greatly exaggerated, they will appear in A’ and B’ or in A” and B” according to 
the direction of rotation, And it is clear that the observer will not judge the images 
to have crossed each other exactly until they have been placed in A and B, and thus the 
distance is measured too large by the amount AA’+BB. 


FIGURE I. FIGURE 2. 


But where there are wires, placed as indicated by the heavy lines in Figure 2, which 
partake of the rotation of the instrument, as is the case in the modern Heliometers, the 
star-images will be brought from A’ and B’ to A and B, and to an analogous position 
in the other direction of rotation, thus measuring the distance too small by A A’+ BB’ 
The radius of the circles described by the star-images is % s, and hence we get the above 
expressions. 

If Ap is small, which will always be the case when this mode of observation can be 
employed, and we put, in the two cases, | 


Ros tes Sf, = of = 5sin' 2 AP, 


k being then the apparent separation of the star-images, or the distance A B, the amount 
by which the measures are erroneous is, in both cases, 
ta <A 


For this quantity 4 I have in general hitherto, and thus during the series of obser- 
vations under discussion, made no direct evaluation of its amount, having been under the 
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impression that its influence would not be perceptible. I have, however, always en- 
deavored to keep it as small as possible, but for faint stars and poor definition it may 
often have attained considerable values. Its introduction will evidently account for a 
large part of the discrepancy above noted, and thus seems necessary. The most rigorous 
method would be to determine its value simultaneously with the corrections to the 
assumed system of co-ordinates from the measured distances themselves. But it has 
appeared to me a sufficiently exact process to ascertain its effect from the series of 
residuals given above; this amounts to assuming that the system of co-ordinates used for 
comparison will not be sensibly affected by the systematic error itself, and this, it will be 
seen, is virtually the case. I have also not thought it advisable to introduce any assump- 
tion, which would have to be more or less arbitrary, as to the variations due to magnitude 
and definition, but simply let the quantity sought be that corresponding to an average 
pair of stars and condition. 

But I have thought it worth while to take into consideration the possible effect of 
inequality between the radius (v) of the slides of the semi-lenses and their distance (/) 
from the focal point, as already attempted for the Cygzus and other zone (pages 32, 33, and 
120). Only I shall take the effect of such a difference to be proportional to the cube of 
the distance; this is evidently the case, as will be seen from the figure and formulas given 
by Git in the Dunecht Observatory Publications, Vol. II. p. 124, which give for the 
increase of a measured distance due to a sensible value of (f—~7) the expression 


6 (fi 7). Sf 


I have furthermore introduced a term (#) proportional to the distance itself into the 
equations of condition derived from the residuals, to allow for any possible variation in the 
distance measures not accounted for by the two previous terms, and have thus formed 
these equations as follows :— 


F Y.Pistm.s+¥%.(f—7r).s8:f = Resid. 
Putting 


34 ih a0, Wis=37/25 OOO, 2=%¥%.(f—7):100 000 000.7 


we get for the normals for x, y, and z with equal weight for each equation: — 


R. 
+ 30.19% + 14.507 +4+18.852 = 4+ 0.3911 
+ 14.50 + 18.85 + 35.14 —o0.0050 [nz] = 0.03694, 
+ 18.85 + 35-14 + 76.28 — 0.1951 


the complete solution of which leads to the values : — 


R, R; 
; x = + 0.0198 Wt. 12.84 P. E. + 0.0032 
Solution I. Y —0O.0115 1.34 0.0098 [vv] = 0.02871. 
Z  —0,0022 "29 0.0042 


+ 
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I have also made the following partial solutions: — 


R. R. 

: x =+ 0.021 Wt. 19.0 P. E. 40.0026 

Solution II. ete: ae ga eee [vv] = 0.02875 
% = 0.0172 25: =£ 0.002 

: dis Gh ie Bee ae teen NI SEES 

= + 0.0318 2.6 +0.0076 
: ES - _ Se ee Bees W0] = 0.03373 
Ms V. x= + 0.0129 30.19 0.0022 [vv] = 0.03188 
« VI. y = — 0.0003 18.85 + 0.0030 [vv] = 0.03694 
“VO. 2 = —0.0026 76.28 + 0.0015 [vv] = 0.03644 


The values of [vv] show that the solutions without x are inadmissible, and that also 
some further systematic error beyond that accounted for by x alone is probable. The 
first three solutions give for distances over 100%, which form the main part of this series, 
values which agree closely, as appears from the following table of 


Systematic Correction to Distances. 


Distance. Sol. with x, y, z Sol. with x, y. Sol. with x, z. 


R. 
50 

75 
100 
150 
200 
300 
400 
500 
600 


I have concluded to adopt the complete Solution I., and the application of these values 
to the residuals of our first series of approximations leads to the quantities which form 
the second system of absolute terms of the equations of condition on pages 164 to 166 
for the corrections to the assumed co-ordinates. These in turn furnish the second system 
of values of the absolute terms of the normal equations on pages 167 to 169. 

Proceeding with these normals in the same manner as before, we derive the following 
additional corrections to our previous values, four repetitions having seemingly given 


amply sufficient convergence in almost every case. 
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Successive Approximations. 


(lpg sa eeu, 
f(r i} Se | 
stele at 
reales 
fetes iectcent 
ae P| 


Tite 
La (neo 
I+ 1+ 


+|+++4 | 
Vertaal 
+/141+ 


= ab pa 
i =. + 
= tg: te 
ER one a 
= a = 


Ij+ 141 
+/+ 141 


+14 
IJ+1+ 


§ 6. DERIVATION OF FINAL RESULTS. 


Before deducing the definitive values of the co-ordinates from the application of the 
corrections just derived, a point must be noticed which has been passed in silence up 
till now. And this is, that the 48 normal equations have been solved as if they were as 
many independent expressions and involved as many independent unknowns. But this 
is not the case. A polygon of ~ points is fully determined by 2%—3 quantities or co- 
ordinates, and thus there are really only 45 independent equations. In the symmetrical 
solution the last three unknowns would have come out indeterminate, zero = zero, and 
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in assigning values to them we have really assumed the three quantities we can dispose 
of arbitrarily. What this amounts to appears to be holding the whole system of cor- 
rected co-ordinates as close as possible to that of the assumed co-ordinates, rather than to 
any particular three of them, and in fact the three conditions which might express this, 


> (Ay) = 0, 2a — 0; and Spee — x. Avy) 0), 


are very nearly satisfied. 

This mean system of co-ordinates cannot, of course, derived as it was from CARRINGTON, 
be considered as referring the stars to the pole at the present epoch, and it may be 
affected by a considerable constant error in the assumed origin. I have deduced the 
correction required from the two stars a and \ Urse Minoris, my y and 4, using the places 
of the Berlin Fahrbuch. These are for 1888.0, but for the epoch 1888.4:— 


h. m. Ss. ° / u” 
a Urse Minoris (y) a= t 17 44.661 5=+88 42 40.57 
Nene aee (?) 19 35 43-690 88 57 44-23 


which give for our co-ordinates y and x, in terms of the Heliometer scale, the quantities 
in the following table under Berlin Jahrbuch, beside which are placed those resulting from 
our solutions under Observed. 


Berlin Jahrbuch. Observed. Difference Mean. 


R. R. R. 
a Urse Minoris | y= + 121.7323 y = + 121.7506 — 0.0183 


at mf: — 269.2583 — 269.2506 ~ o0te3 } — 0.0130 


a Urse Minoris | x= + 344.9839 % = + 344-9291 + 0.0548 } + 0.0622 
Noes 6s — 119.4991 — 119.4295 + 0.0696 j ; 


The mean difference Berlin Jahrb.— Observed of the co-ordinates of the two stars may 
be considered as the systematic difference in the origin or the place of the pole. Applying 
to the assumed co-ordinates, then, the results of the solution of the normals and this 
correction for origin, we arrive at the Final Co-ordinates of the following table, which are 
also given expressed in seconds of arc by means of the adopted scale-value. Their 
probable errors are appended, the deduction of which will be explained immediately. 
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Assumed Co-ordinates. 
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Assumed and Final Co-ordinates. 


IT. Corr, 


Corr. for Origin 
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|e 21.2000 


+ 101.9260 
+ 121.7500 
+ 67.7210 
+ 202.8570 
+ 263.2860 
+ 359-3110 
+ 446.5460 
+ 263.9180 
+ 196.6740 
+ 125.5540 
— 29.8250 
— 68.7540 
— 141.6590 
— 327.8650 
— 410.4090 
— 194.6330 
— 496.3820 
— 358.7180 
— 378.3570 
— 269.2490 
— 336.4140 
— 236.0830 
— 134.4260 


R. 
+ 333-0130 
+ 435.9210 
+ 344-9470 
+ 76.6360 
+ 326.5310 
+ 328.2800 
+ 40.1010 
+ 39-3290 
— 129.6080 
397-3320 
— 481.1900 
— 475-8120 
— 285.1690 
— 475-9780 
— 297.1260 
— 204.9640 
— 83.5660 
etme doy LO 
Se LbgfsC@) 
+ 99.2420 
+ 119.4360 
+ 180.6430 
+ 413.0560 
+ 281.2510 
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.0004 
.0007 
.OOII 
.0005 
.0069 
.0026 


.0045 
.OOIO 


-0016 


.0000 
.OOOI 
.0000 
.0026 
.OO14 


.0039 


-OOTS 


-0040 
.0003 


R. 
— 0.0130 
it 


Fina) Co-ordinates, 1888.0. Prob. Error. 


4 1 
268.64 +0.05 
1292.38 .07 
15§43-74 -05 
858.60 05 
252.44 .06 
3338.72 06 
4556.35 107 
5662.76 07 
3346-77 :07 
2493.98 07 
1592.04 .08 
378.34 -O7 
871.84 .06 
1796.52 .07 
4157.98 07 
5204.86 .08 
2468.31 .06 
6295.01 .06 
549-27 Mei 
- 4798.29 07 
3414.50 .06 
4266.38 .06 


2993-90 .06 
1704.78 -06 


R. 
+ 21.1849 = 
+ 101.9156 
+ 121.7376 
+ 67.7084 
+ 202.8508 
+ 263.2871 
+ 359.3080 
+ 446.5588 
+ 263.9225 
+ 196.6719 
+ 125.5464 
— 29.8355 
— 68.7525 
— 141.6715 
— 327-8935 
— 410.4490 
— 194.6477 
— 496.4165 
— 358.7417 
— 378.3867 
— 269.2636 
— 336.4416 
— 236.0948 
— 134-4369 
a 
4223-45 
5528.52 
4374-80 
972-45 
4141.34 
4163.63 
599-34 
499.62 
1642.65 
5037-56 
6100.90 
6032.69 
3615.03 
6034.84 
3767.10 
2598.46 
1058.86 
54-93 
60.59 
E259°39 
1515.26 
2291.61 
5238.62 
3567.11 


R 
+ 333-0559 
+ 435-9720 
+ 344-9913 
+ 76.6858 
+ 326.5810 
+ 328.3389 
+ 40.1656 
+ 39-3991 
— 129.5376 
397.2559 
— 481.1092 
Bete hy hs 
— 285 0768 
— 475-8998 
— 297.0696 
— 204.9109 
— 83.5003 
+ 4.3314 
+ 4.7782 
+ 99-3095 
+ 119.4917 
+ 180.7133 
od Deny 
+ 281.2977 
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The above values lead to the following table of 
final Results in Right Ascension and Declination. 


Right Ascension, 1888.0. BPSD. Declination, 1888.0. 


a ° iy | wT uw 
35-40ne— 38 4232.28 ON safe 
37.81 : 5678.28 2s 2 
44-75 4639-57 40-43 
46.16 1297.25 22.75 
23.01 : 4875.66 44-34 
54-97 : 5337-53 2-47 
29.19 : 4585-10 34.90 
49-91 5685.48 14.52 
34.22 8 3728.37 51.63 
38.65 : 5621.81 18.19 
29.93 6306.18 53-82 
21.27 6045-41 14.59 
14.21 3718.88 rn2 
18.68 6297.54 2.46 
17.68 5611.39 28.61 
52-79 : 5818.21 1.79 

7:57 : 2685.92 14.08 
59-98 : 6296.23 3.97 
Ro iiel ; 4549-94 10.06 
49-41 4961.27 18.73 
43-30 3735-81 44.19 
57:99 : 4843-32 16.68 
0.44 ; 6034.64 25.36 
49.46 3953-79 ozs 
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The probable errors of the several co-ordinates have been derived by a process sug- 
gested by Dr. Girt. This consists in taking as a first approximation for the weights the 
coefficients of the unknowns in their respective normal equations. Thus, if « be the proba- 
ble error for weight unity, we have for the squares of the probable errors of y., %a Vg) %g, 


etc., in a first approximation, the values 
ee a 9.6975 < ; 5.296, 1) 5.334, <7? -"5.667,. cic: 


A second approximation is then derived by computing the increments to these. quantities 
due to the influence of all the other unknowns which enter into the normal equation for 
any given unknown. Thus, for y,, for example, we have as a second approximation to the 
square of the probable error, the value 

(2 : 9.697) + (€?: 5.296). (1-191 : 9.697)? + (€?: 5-334) - (0.381 : 9.697)’ 
+ (e?: 5.667) . (0.486: 9.697)? + etc. 
I.I19I, 0.381, 0.486, etc. being the coefficients of x, ¥,, %, etc., in the normal equation 
for y.. 

We then proceed to a third approximation by using the values just found in place of 

those of the first approximation in a similar operation. From the three sets of values 
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the final result can be easily inferred with sufficient accuracy, as the convergence iS a 
rapid one. I have assumed that the successive differences of the three approximations, 
denoted by I., IL, and III, may be considered as forming a geometric progression, and 
taking the sum of this progression for an infinite number of terms the final value is 


found to be 
12 (hk =1)'2-@ib-hed 
The following table gives the results derived in this manner. For é we get the 
value from the sum of the squares of the residuals left by the final substitution 


e? = 0.455. 4.26 : (145 —45) = 0.01935 
4.26 being [vv] when seconds of arc are taken as the unit, or 0.02649 . 12.68’, and 
(145 — 45) is the number of equations less the number of unknowns actually determined 


from them. This gives for e the value + 0%.139, or about what was found from the 
Pleiades measures for a result depending on three distances (see page 83). 


Co-ordinate. Square of Prob. Error. Ce ordinate. Square of Prob. Error. 


I. Appr. II. Appr. III. Appr. Final. I. Appr. II. Appr. III. Appr. Final. 
Va 0.00199 0.00236 0.00243 0.00245 4 0.00366 0.00428 0.00442 0.00446 
By .00363 -00425 .00438 -00441 xB .00342 -O0O401 -O00412 -00415 
Vy .00245 .00281 .00288 .00290 By .00378 -00436 -00447 -00450 
Vs .00205 .00240 .00248 -00250 xs .00226 .00266 -00272 -00273 
Ve -00272 100322 .00333 .00336 Xe -00492 -00592 -00616 -00624 
De -00301 -00354 .00364 .00366 xg .00537 .00642 -00666 .00673 
ik -00425 .00508 -00527 .00533 Xn -00353 -00438 +00452 -00455 
ye -00376 .00488 .00516 .00525 xo .00407 -00655 .00690 -00701 
MN .00420 .00519 00543 .00551 ooh -00230 -00294 -00306 -00309 
Vee .00371 -00447 -00465 -00471 Wr .00400 .00481 -00497 -O0501 
yn .00448 .00542 -00562 .00567 XX .00715 .00816 -00865 -O00gTO 
du .00394 -00485 .00503 .00507 ais .00623 .00728 -00754 -00763 
wy .00263 -00343 .00363 .00370 88; .00253 .00326 -00344 -00350 
Ye .00398 .00479 -00497 .00502 XE .00465 -00537 -00552 .00556 
Vo .00344 .00428 -00446 .00451 a8 .00260 .00314 -00326 .00329 
Da -00519 -00617 .00641 .00649 Rs -00307 -00362 -00373 -00376 
No .c0262 -00322 .00334 .00337 Xp -00182 -00222 -00231 -00234 
Vo .003 34 -00396 -00406 .00408 aie 00455 -00537 -00554 -00558 
Vr .003838 -00446 .00460 .00464 ae -00241 .00281 -00289 -00291 
Vs -00365 .00426 -00440 .00444 ae -00288 -00338 -00348 -00350 
Io .00261 .00333 +00350 -00355 xy -00253 .00322 -00338 -00343 
Ju .00317 .00375 -00386 .00389 xy -00245 .00290 +00300 -00303 
Ix -00305 .00350 00359 .00361 Xx -00290 -00330 -00338 -00340 
Vo -00232 .00309 .00331 .00340 Ke .00410 .005 46 .00584 .00598 


§ 7. PRECESSION. 
For the reduction of this system of co-ordinates to other epochs, the following expres- 
sions for the precession and second and third differential coefficients may be used : — 


Ce eet yet a 9 : 
dx = —m.r.y—an.sin8 


PRECESSION. 


Gy = —m.r.ytdm.r.x—m.n.r.sind 
a = — (m+ n*).r?.x—dm.y—dn.sin$ 
Cy = —m(m+n*).P.x—3m.dm.r.y—(2n.dm+m.dn).r.sin$d 


Gx = +m(m+n*).P.y—3(m.dm+n.dn).P.x+n (m+n). 7r*. sin. 
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In the expressions for d?y and d*x sin 6 may be put =1 for all the stars in question. 
With the Pulkowa constants for 1888.0, 


if 


m = 46.0874 
Wi== 20.0531 


Wt 
dm = + 0.0002849 
dz = — 0.0000863 


>) 


the above formulas reduce to the following, where the square brackets denote logarithms, 
whose characteristics, except that of the second term of dx, have all been increased by 10:— 


Ioo. 
Ioo. 


10,000 : 
10,000. 


dy 
dx 


d? y 
d? x 


dy 
d? x 


+ [6.349157] x 
— [6.349157] y 


+ [3.1403] # 
— [3.1403] » 


— [3.1228] x 
+ [3.1228] y 


from which has been computed the following 


a 
B 
ao 
8 
c 
4 
0 
0 
t 
K 
r 
fg 
Vv 
é 
oO 
Tv 
p 
o 
T 
v 
> 
y 
X 
@ 


dy 


yf 
+ 0.9437 
+ 1.2353 
+ 0.9775 
+ 0.2173 
+ 0.9253 
+ 0.9302 
+ 0.1138 
+ 0.1116 
— 0.3670 
— 1.1256 
— 1.3631 
Sy ey te) 
— 0.8078 
— 1.3484 
— 0.8417 
— 0.5806 
— 0.2366 
+ 0.0123 
+ 0.0135 
+ 0.2814 
+ 0.3386 
+ 0.5120 
+ 1.1705 
+ 0.7970 


— [1.302181] sin 8 


A 
— [4.69831] y — 0.44806 sin 8 
— [4.77362] « + 0.00863 sin 8 


Wf 
— [1.9665] y — 0.00036 
— [1.9051] x + 0.01190; 


Table of Precession. 


10,000 d3 y 


Ad 
— 0.0009 
— 0.001! 
— 0.0009 
— 0.0005 
— 0.0009 
— 0.0009 
— 0.0005 
— 0.0005 
— 0.0002 
+ 0.0003 
+ 0.0004 
+ 0.0004 
+ 0.0001 
+ 0.0004 
+ 0.0002 
+ 0.0000 
— 0.0002 
— 0.0004 
— 0.0003 
— 0.0005 
— 0.0005 
— 0.0006 
— 0.0010 
— 0.0008 


dz 


it 
— 20.1088 
— 20.3345 
— 20.3929 
— 20.2445 
— 20.6223 
— 20.7924 
— 21.0663 
— 21.3108 
— 20.7976 
— 20.6029 
=29:3994 
— 19.9601 
— 19.8550 
— 19.6423 
— 19.1167 
— 18.8823 
= 19-4999 
— 18.6372 
— 19.0319 
— 18.9752 
— 19.2868 
— 19.0944 
— 19-3757 
— 19.6634 


100 d? x 


ut 
— 0.0165 
— 0.0245 
— 0.0176 
+ 0.0027 
— 0.0164 
— 0.0166 
+ 0.0050 
+ 0.0048 
+ 0.0178 
+ 0.0382 
+ 0.0446 
+ 0.0447 
+ 0.0302 
+ 0.0446 
+ 0.0316 
+ 0.0248 
+ 0.0152 
+ 0.0092 
+ 0.0088 
+ 0.0018 
+ 0.0001 
— 0.0044 
— 0.0222 
— 0.0124 


10,000 d3 2 


4y 
+ 0,0119 
+ 0.0120 
+ 0.0121 
+ 0.0120 
+ 0.0122 
+ 0.0123 
+ 0.0125 
+ 0.0126 
+ 0,0124 
+ 0.0123 
+ 0.0122 
+ 0.0119 
+ 0.0118 
+ 0.0117 
+ 0.0114 
+ 0.0112 
+ 0.0116 
+ 0.0111 
+ 0.0113 
+ 0.0113 
+ 0.0114 
+ 0.0113 
+ 0.0115 
+ 0.0116 
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§ 8. Proper MotIons. 


The proper motions of these stars do not present any particular interest for the 
purpose now in view. There are a considerable number of old Meridian observations, 
but the discussion of the systematic errors of the various authorities is one of some 
complexity. Five of the stars are among those reduced by Miss Wintock in the Azmnads 
of the Harvard College Observatory, Volume XVIII., and an examination of this work will 
show the nature of the discrepancies referred to. I have not thought it worth while to 
defer the publication of the Heliometer results until an exhaustive investigation of this 
sort could be carried out. The following table gives a comparison with CaRRINGTON’Ss 
places, from which approximate values of the proper motions in the two co-ordinates may 
be inferred. 


Comparison with Carrington. 


-y, 1888.0 Yale — Carr. 


4 4/ 


Star. Carr No. 


%, 1888 0 Yale — Carr. 


4 4 


1 


a 23 4892.90 4 + 269.09 — 0.45 + 4223.27 + 0.18 
B 117 6323.90 20 + 1290.62 ++-1.76 = 5527-73 + 0.79 
y 181 5268.80 56 + 1542.45 + 1.29 + 4375-00 — 0.20 
ry b 1848.00 5 + 3860.13 — 1.53 a O72-5 5 SONS 
€ 284 5448.00 4 + 2572.16 + 0.17 + 4138.96 Sr Bangte) 
4 347 5867.80 4 + 3337.66 + 1.06 + 4161.85 + 1.78 
0 739 4725-70 5 + 4555-07 +128 | + §08.35 + 0.99 
6 763 5783-90 4 + 5662.96 — 0.20 + 499-55 + 0.07 
L 1035 3490.50 27 + 3346.97 — 0.20 — 1643.50 + 0.85 
kK 1490 5038.00 5 + 2492.74 Sm he == FORTciy Ti + O10 § 
rX 1639 5669.30 18 + 1592.16 — 0.12 — 6101.18 + 0.28 
be 1834 5386.80 15 = 370-51 + 1.17 —'6034.52 + 1.83 
Vv 1951 3078.50 4 Op Ears — 0.49 — 3614.91 — 0.12 
S 1972 5666.20 13 — 1796.94 + 0.42 — 6035.29 + 0.45 
o 2333 5188.90 iS — 4157.89 — 0.09 — 3768.18 + 1.08 
bg 2494 5551-40 5 — 5204.10 —0.76 — 2598.90 + 0.44 
p n 2497-40 5 — 2467.85 — 0.46 — 1059.68 + 0.82 
o 2770 6333-60 4 — 6294.41 — 0.60 SP Slate “+ 0.23 
T 2793 4604.00 6 — 4549.09 — 0.08 + 60.19 + 0.40 
v 2942 5166.60 & — 4798.13 — 0.16 + 1259.20 + 0.13 
en 3058 4047.40 27 — 3413.98 —0.52 + 1515.64 = 0.38 
Ny 3082 5187.10 4 — 4265.89 —0.49 + 2291.92 — 0.31 
x 3411 6615.40 4 — 2993.54 — 0.36 + 5237.80 + 0.82 
w 4558.40 4 — 1703.98 — 0.80 + 3566.87 + 0.24 
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§ 1. InrRopucTION. 


To most astronomers the Comet 1847 VI. is of interest chiefly for the reason that, 
according to the determination of its orbit by G. RUMKER in 1857, it seemed to belong 
to the comparatively small class whose orbits show a distinctly hyperbolic character. To 
the woman, however, who turns her attention to astronomy this comet is conspicuous as 
one of the few that have been discovered by a woman, and probably the only one that 
has ever been discovered independently by two women. But the student whose first 
knowledge of the heavens has been gained under the direction of Marra Mitcuety has 
an added reason for regarding with especial interest the course through space of that body 
whose discovery brought before the astronomical world the young Nantucket comet-seeker, 
the first American woman to gain such notice. 

While RUmxeEr’s investigation was nearly exhaustive, it yet appeared to be possibly 
capable of improvement by a discussion of the star-places, by the introduction of modern 
places of the sun, and by taking into consideration the perturbations. This fact, together 
with the personal incentives which I have mentioned, has led me to undertake the follow- 
ing determination of the orbit of this comet. 


§ 2. Discovery AND History OF THE COMET. 


At Nantucket, on the evening of October 1, 1847, Miss Maria MITCHELL, with a small 
telescope belonging to her father, not with the naked eye, as has sometimes been stated, 
saw near the pole a nebulous body new to her. Her father, Mr. Witt1am MirTcHELL, who 
had devoted his leisure to astronomical observations and had encouraged his daughter in 
her study of the heavens, agreed with her in the opinion that it was probably a nebula, — 
possibly a comet. The following night Miss Mircuett observed that the body had 
changed its position. There was no longer any doubt as to its nature. Mr. Mircuett, 
at the time one of the Overseers of Harvard College, informed PREsipeENT EveEreTT 
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of the discovery. This was immediately communicated to the European astronomers by 
Proressor W. C. Bonp. | 

Meanwhile the comet had been seen at Rome by FaTHER DE VICco, October 3, with 
the naked eye at Cranbrook, Kent, by Dawes, October 7, and by Mapame RumKeEr at 
Hamburg, October 11. Possibly each of these observers regarded the event as a probable 
discovery, while Miss MircHe.i, whose search had been rewarded in a similar manner 
twice before, —although in these cases the comet had been previously seen in Europe, — 
thought little of the matter. It was soon proved, however, that Miss Mircuett was the 
first discoverer, and the gold medal offered by Curistian VIII, King of Denmark, to 
each discoverer of a telescopic comet, was, through the efforts of PRESIDENT EVERETT, 
secured for her. 

Owing to a lack of instrumental facilities for fine measurements, Miss MircHELt was 
unable to make any observations worthy of publication. She determined the place of the 
comet, however, with sufficient exactness to compute an approximate orbit, which was pub- 
lished in the Monthly Notices of the Royal Astronomical Soctety for March, 1848. The only 
other measurements made in America were six at Cambridge, chiefly with the equatorial. At 
various places in England and on the Continent, observations of greater or less accuracy, 
to the number of about seventy-five, were made before and after perihelion. 

From October 1 to 18 the comet was visible to the naked eye, but at its reappearance 
in December it was very faint. Dawes describes it as having, at the time of his naked eye 
discovery, October 7, the appearance of “a hazy star of the fifth magnitude near w Draconis.” 
I’xamination with the 8% foot refractor proved it to be a large comet with a rapid motion. 
On the rrth, it had increased in brilliancy, having the light of a star of the fourth magnitude. 
The nebulosity as seen in the same refractor extended over 30”, and was “nearly round, 
much condensed in the centre, but without stellar nucleus.” It was on that day that the 
same observer saw distinctly a star of the tenth magnitude (HERscueEt’s fourteenth) through 
the exact centre of the comet. This phenomenon is of especial interest, as, in connection 
with other similar occurrences, it has served to confirm the theory that the matter com- 
posing comets is in a state of extreme tenuity. On one or two occasions only a tail of 
about two degrees in length was visible. 

Owing to its rapid southerly motion, the comet was lost to sight in our northern 
observatories on October 18. It passed its perihelion on November 14, and was nearest 
the earth on October 12, when it was only about eighteen millions of miles from us. On 
December 12 it was seen again by pe Vico at Rome, and observations were made at 
various places till December 18, when it passed beyond the reach of our instruments. 

The orbit of this comet was approximately computed by various astronomers, but the 
only determination based upon a comparison of all the observations is that of G. Rimxer, 
mentioned above. When the present work was in progress and already well advanced, I 
learned that a similar investigation had been undertaken by Dr. Scuwarz, then of the 
Prague Observatory, who, however, has not yet published his results. 
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§ 3. -CoMPUTATION OF THE EPHEMERIS. 


As the basis of my computation I have taken the parabolic elements obtained by 
RumKer and published in Nr. 1073 of the Astronomische Nachrichten. 


L = 1847 Nov. 14.40366 Greenw. M. T. = Nov. 14.44087 Berlin M. T. 
log g = 9-5172391 


Or 190° 49" S19 
f= 108 109! i Mean Eq. 1847.0. 
w = 276° 37! 12//.6 


In the computation of an ephemeris I have taken the equatorial co-ordinates of the 
sun referred to the apparent equinox of the date found in the Berlin Yahkrébuch for 1847. 
These were reduced to the mean equinox and equator of the beginning of the year by means 
of the formule therein given. On account of the rapid motion of the comet, it seemed 
advisable to tabulate the values of the geocentric rectangular co-ordinates for each day, 
and then to interpolate the values of these for each date before finding the right ascension 
and declination. By this means I have shortened somewhat the labor which would have 
been involved in computing the right ascension and declination for the short intervals 
which would have been required, and then interpolating for each observation. 

In the following table, which was computed for Berlin mean time with logarithms of 


Berlin M. Time. e+X ytV 2+ 2 log A Ab. Time. 


1847 Oct. ; — 0.000958 — 0.052096 + 0.258677 9-42139 
A -OLI133 .068368 232903 38558 
.021282 .08 4618 .207065 -35160 

-031419 -100841 .181168 B2LOZ 

-O41557 .117038 -155214 -29839 

-OSI7II | -133202 .129204 -28475 

.0613898 -£49333 -103144 28275 

-07 2132 -165430 :077035 29275 

.082432 | -181491 .050883 31329 

.092819 “Eg 7523 + 0.024691 -34169 

103315 213498 — 0.001534 37510 

.113941 -229444 .027789 -41109 

1124722 -245351 .05 4066 -44792 

135683 .261220 .080355 9-48448 


942765 .028317 .250288 0.15148 
942245 .036376 .230045 .15212 
941197 .044066 1209770 ai) = 08207 
939657 .051389 -189488 -15314 
937656 -058352 .169186 15353 
935220 .064954 .148867 -15385 
932375 .071202 .128539 -I5410 
-929149 .077096 .108201 -15430 
925562 .082642 .08 7854 15445 
921636 .087839 .067500 -15453 
— 0.917391 — 1.092695 — 0.047136 0.15458 
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six decimals, are given the true geocentric rectangular co-ordinates of the comet referred 
to the mean equinox of 1847.0. It also contains log A and the aberration time computed 


with StTRUVE’s constant. 


§ 4. DETERMINATION OF THE PLACES OF THE COMPARISON-STARS. 


After computing an ephemeris, my next step was to determine as accurately as pos- 
sible the places of the comet derived from the observations. For this purpose it was 
necessary to obtain with the utmost care the places of the comparison-stars. In addition 
to those derived from the catalogues to which I had access, the determinations of five stars 
made at Vienna with the meridian circle are taken from the observations of the comet 
given in Volume IV. of the Vienna Annzalen, Through the kindness of Messrs. Auwers, 
DEICHMULLER, ENGsSTROM, GRAHAM, and Peter, I have obtained the places of stars contained 
in the Gesellschaft zone observations for 1875.0 of Berlin, Bonn, Lund, Cambridge, and 
Leipzig. 

The places of the LaLtanpE and BEssEL stars respectively have been determined by 
means of the v. Asten and the new Konigsberg tables. The results given by these latter 
I then combined with those of Welssr’s reduction, giving the two equal weights. As they 
were essentially the same, I have indicated the places thus found as WeErtssrE’s BESSEL. 

The star-places were reduced to the WoLtrers-ARGELANDER system by the formule in 
Volume VII. of the Bonn Observations for the catalogues therein contained. In the case 
of other catalogues I have endeavored to reduce to the same system by means of their 
known relations to either the Gesellschaft system given in Publication XI1V., or to that 
of Boss, passing to the WoLFErS system by means of the corrections for Greenwich 186r. 
Only in the case of SanTINI; it was impossible to determine this relation, and I have 
here, therefore, entirely neglected the correction. 

In comparing the places of star 32 of my list as found from the different cata- 
logues, a discordance in the R.A. of the Mew Seven-Year Catalogue showed the probable 
existence of an error. By consulting the Greenwich Observations for 1867, it was found 
to be in the reduction to 1867.0. The necessary correction, as well as some others in 
the older catalogues, is indicated in the list. 


DETERMINATION OF THE PLACES OF THE COMPARISON-STARS. IgI 


Catalogue. | : Remarks. 


Weisse’s Bessel XV. 


Lalande 27961 
Piazzi XV. 43 
Weisse’s Bessel XV. 
Taylor 8058 
Schjellerup 5438 
Munich I. 11233 


Weisse’s Bessel XV. rei 3 : Bessel corrected 
10 Yr. 2363 BS ; : ; : by —6’ in decl. 


Lalande 27978 
Piazzi XV. 45 
Weisse’s Bessel XV. 
Taylor 8063 
Munich I. 11248 


Munich J. 11268 
Munich II. 5693 
Vienna Annals IV. 


Weisse’s Bessel XV. 


Weisse’s Bessel XV. 
Munich I. 11335 


Weisse’s Bessel XV. 
Santinis 705 
Glasgow 3799 
Munich I. 11371 
Vienna Annals IV. 


Weisse’s Bessel XV. 
Santini; 707 
Vienna Annals IV. 


Lalande 29670 

Weisse’s Bessel XVI. 173 
Washington 6849 
Santini, 1486 

Schjellerup 5749 


Lalande 29737 
Weisse’s Bessel XVI. 228 
Schjellerup 5766 
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Catalogue. Remarks. 


Weisse’s Bessel XVI. 300 
Albany 5432 
Munich I. 12507 


Weisse’s Bessel XVI. 308 
Albany 5438 
Munich I. 12521 


Lalande 29889 : : i . Lal. R. A. cor- 
Weisse’s Bessel XVI. 319 : rected by —1™. 
Schjellerup 5794 
Santini; 797 
Glasgow 4035 
Munich I. 12356 
Vienna Annals IV. 


Lalande 29895 : : : . Lal. R. A. cor- 


isse’ : rected by —1". 
Weisse’s Bessel XVI. 326 ; aie io re 


Schjellerup 5796 : ‘ corrected by 
Santini; 798 ; ; : . —1, 
Munich I. 12540 


Lalande ; aoe 

; 29930 
Weisse’s Bessel XVI. 367 
Pulkowa ’55 2353 
Glasgow 4047 
Albany 5451 
Munich I. 12586 


Lalande 29931 
Leipzig 


Lalande 29953 
Leipzig 
Vienna Annals IV. 


Lalande 29939 

Piazzi XVI. 83 

Weisse’s Bessel XVI. 376 
Taylor 8538 

Pulkowa ’55 2354 
Washington 6917 

N. 7 Yr. 1862 

Munich I, 12599 


vu Ophiuch. 


NP AR = Om 
nNnpPpHP PN = Or 
me NN AOR NR ROE 
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Catalogue. 


Lalande 29959 

Piazzi XVI. 85 

Weisse’s Bessel XVI. 383 
Taylor 8539 

Riimker 5418 
Schjellerup 5813 
Glasgow 4052 

Albany 54537 


Lalande 29966 
Piazzi XVI. 88 
Taylor 8542 
Schjellerup 5817 


Weisse’s Bessel XVI. 422 
Leipzig 


Bonner Beob. VII. 177 


Weisse’s Bessel XVI. 725 
Pulkowa ’75 3634 
Berlin 


Lalande 30077 

Weisse's Bessel XVI. 463 
Riimker 5432 

Glasgow 4074 

Albany 5476 

Munich I. 12681 


Weisse’s Bessel XVI. 743 
Rimker 5434 
Berlin 


Lalande 30085 

Piazzi XVI. 107 
Weisse’s Bessel XVI. 466 
Taylor 8566 

Konigsberg 

Glasgow 4075 

Leipzig 

Munich I. 12683 


Weice's Bessel V1. | 1009 : 
IOIO 


Cambridge 


R.A. 


Decl, 


h. 


16 


19 to? 
52-10 
51-95 
52.14 
51.98 
52-04 
52.05 
51-98 
52.03 


33°31 
33°37 
33.08 
33-16 
BEE 


2.79 
2-54 
2.60 


GI ANS: 


59-37 
59°75 
59-84 
59-81 


2Rey 
25.83 
25-41 
25°53 
25°54 
25-69 
25:58 


34-88 
34.84 
at 54 
34.85 


38.09 
38.31 
38-49 
38.23 
38.19 
38.26 
38.23 
38.19 
38.25 


0.04 


Ov8s 
0.09 


° , // 


+ 313 5-9 
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Remarks, 
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Catalogue. Remarks. 


Lalande 30327 

Weisse’s Bessel XVI. 1015 
Washington 6990 

Lund 


Weisse’s Bessel XVI. 1058 
Cambridge 


Weisse’s Bessel XVI. 1075 
Washington 7012 
Lund 


Lalande 30500 : : : N.7 Yr. R.A. 
Piazzi XVI. 172 2 ; corr. +0%.70 


from Green. 
Taylor 7764 . : Observations 
Bonner Beob. VI. 2772 : : : : 1867. 
Washington 7041 

Neb 5oQ2 

-Glasgow 4130 

og. Xt. 1524 

10 Yr. 2612 


Lund 


Newcomb Zod. Cat. 745 n Herculis. 
Lalande 30575 

Bonn 

Arg.-Oeltzen 16538 

Arg.-Oeltzen 16733 

Arg.-Oeltzen 16804 


A. G. Fund. Cat. 236 i 4 ‘ p (¢) Draconis. 


6 
Arg.-Oelt i 954} 
rg.-Oeltzen 16956 
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§ 5. CoMPARISON OF THE EPHEMERIS WITH THE OBSERVATIONS. 


In comparing the ephemeris with the observations, the observed values have, in gen- 
eral, been obtained by using the places of the comparison-stars given above. In those 
cases where no differences of right ascension and declination could be obtained, the fact 
is noted. 

The parallax was computed with the value 8”.848 for the mean solar parallax. The 
use, in most cases, of the tables given by Dr. Kreutz, in his Untersuchungen iiber die 
Bahn des grossen Cometen von 1861, has shortened the work. When it was not possible 
to use those tables, Hansen’s formule were applied directly. 

The computed places were obtained by interpolating the values of the rectangular 
geocentric co-ordinates of the comet for the observation times corrected for aberration, and 
then deducing the right ascension and declination by the usual formule. As the ephemeris 
was computed for the mean equinox and equator of 1847.0, the corrections necessary 
for finding the places referred to the equinox and equator of the date were then applied. 


I. Observations of Dawes, with 8% foot Equatorial and Wire Micrometer, at the 
Observatory at Camden Lodge. 


(Monthly Not., Vol. VIII. p. 10. Astr. Nachr., Vol. XXVI. pp. 245, 247, 305.) 


The observation times are given in Greenwich mean time. Longitude of Greenwich, 53" 34°.9 west of Berlin. 
The first two observations on October 11 were made with the circles of the equatorial, and the N. P. D. on October 15 
with the declination circles by means of a comparison-star. 


No. of 


ie ee. Observed R. A. Computed R, A. Observed Decl. é Computed Decl. 


: s. h. -m. s. 
13 Be) | oe 538.99 Deets Oct 
AMe a6) 1) Rat 
CE | eee 30.27 16 58 31.36 
ot 

8 


4.83 16 58 6.38 
16.50 16 33 19.54 


55:83 16 32 58.10 
39-64 16 32 41.36 


28.92 16 24 30.34 
21.92 16 24 23.56 


26.04 16 18 27.36 


8 
9 
7 
7 
) 
9 
fo) 
I 
8 
8 
9 
9 
8 
8 
8 


38.97 16 13 40.43 
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II. Odservations of W. C. Bonn, at Cambridge, U.S. 


(Monthly Not., Vol. VILL. p. 10. Astr. Machr., Vol. XXVI. p. 287.) 


For the first four days the positions were determined with 


Longitude of Cambridge 5" 38™ 5°.9 west of Berlin. 
On the 15th, they were found with the wire 


the circles of the 23 foot equatorial, and are, therefore, not accurate. 
micrometer of the 5 foot equatorial, and on the 18th, with the annular micrometer on the same instrument. The 
star places given by Prorgssor Bonp are evidently for 1847.0, but there are several errors which it is impossible to 
correct satisfactorily. After finding the best places for the comet from these data, they differed so widely from all the 


other observations that in the final discussion I have rejected them entirely. 


. No. of 
Berlin ~ 
Meantime: Cera Observed R.A. Computed R. A. Observed Decl. " Computed Decl. 


° ih // o Vf // 


he im Ss 


17 10 54.68 Oe Tmdoon : +70 I 36.9 


16 45 .47,07 | 4-55 e40450.8 0, | => 85 eae he: 
Om Cum oo laches Ome OmmOnt 3 | FBO. 36 22.0 
16 (20 $2701 ietaror sa eT .0 OF PE GEAS SiO 
LO. EF (4.03. ack eo) 308 E27 8 | 2) BON ARCE 
16 ES 95169) > 13 On 53.3 31 4] = 02 SrOr iT 5 


III. Odservations at Mr. Bisuor’s Observatory, Regent's Park. 
CBish -O8s;, P1325.) 
The observation times are given in Greenwich mean time. The first place for October 10 and those for October 11 


were instrumental ; the last two for October 10 were micrometric. 


No. of 


Berli Sy 
Means Tine. Gompar- Observed R.A, y Computed R, A. Observed Decl. i Computed Decl. 


i ik <3 hy im, s. higeero, s rl. 
8 20 22 a ae 16 39 16.67 16 39 18.25 +48 12 55.6 ] 
12-2020 16 35 -10.42 16 38 10:56 
12 26 24 + 46 38 446 § 
SS thy Nise se 16 33 14.40 16 33 16.54 +7333 5A C2.97 


IV. Observations of Cuatus with the Northumberland Equatorial, at Cambridge, Eng. 
(Monthly Nol., Vol. VIL. p. 25.) 


The observation times are given in Greenwich mean time. Through the kindness of Mr. Granam, the assumed 
places of the comparison-stars for October 11 were sent me, but it was not possible to find the reductions for October r2. 
I have applied, therefore, .as elsewhere in similar cases, the systematic correction only. 


Berlin 


Mean Time, Observed R. A, A Computed R. A, Observed Decl. 


SF oS m S. hm, 8. Rs a ! 
Soak or BR Be SH 16°33 9.87 1°43 29 43°'23.6 38. 42 c4cn 
Gn 2032 32 50.98 16° 32) -R2:85 ee If to,t 130 120.2 
8 48 41 ie 28 19.61 16°28 20.90) | 20 2ma.2 20) | 2 41.00 
8 53 45 eee, 28 18.18 | 16 23.°99:93-"" Pq ~o-6.4 ~29 O'4G0 
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V. Observations of C. RimKeEr, at Hamburg. 


rod 


(Monthly Not., Vol. VIII. p. 47. Astr. Nachr., Vol. XXVI. p. 245; Vol. XLV. p. 266.) 


: Longitude of Hamburg 13™ 41°.2 west of Berlin. The reduced results only are published. Dr. G. RuMKeEr kindly 
tried to find the original observations for my use, but without success. In several cases, where there were disagreements 
among the published observations, I have used the places given by Dr. RUMKER in his computation. 


cela Ri Observed R. A. Computed R. A. Observed Decl. Computed Decl. 


h. m. 
1S) 
9 


9 
I 
7 
9 
8 
7 
7 
7 
18 


18 


17 
18 


VI. Obdservations of PETERSEN, at Altona. 
(Astr. Nachr., Vol. XXVI. p. 247.) 


Longitude 13™ 48°.6 west of Berlin. The comparison-star for October 12 was determined at Altona relatively to 
four of BessEL’s. As I have not succeeded in finding this star in any of the catalogues, I have applied to the place 
given by PETERSEN the systematic correction for BESSEL. The position of the comparison-star for October 15 was 
obtained at Altona by one comparison with a star of large proper motion. As the former was not to be found in 
the catalogues to which I had access, its place was kindly determined by Dr. ELkrn by comparison with two stars, 
Nos. 12 and 13 of my list. ‘This determination I have combined with the one made at Altona, giving the two equal 
weights. 


1847. Berlin y np.- Observed R. A. Observed Decl. Computed Decl. 


Mean Time. Computed R. A. 


fe} / It ° / “/ 


eZ OES On 755 +29 30 40.8 


3 


Ock 12 


iro) OE 3768 T82 peo aa 
eit BE avila et TS 15%) 


WW 


aN 


Mm COn OO - C—O: 


h. 
7 
7 
6 
7 
7 
6 
7 


spine Zhe) sho 


+ 4 24 49.9 
— 2 11 18.8 


Teale Zkey Bilsel] 
+4 25-15-0 


2) ONS 4es 
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VII. Obdservations of Litrrow and SCHAUB at Vienna. 


(Monthly Not., Vol. VIII. p. 10. Astr. Nachr., Vol. XXVI. p. 311; Vol. XXVII. p. 15. 
Vienna Annals, Vol. IV. pp. 34-37:) 


Longitude 11r™ 56%8 east of Berlin. I have found the places of the comet from the observations as given 
in the Aznats. 


eee Observed R. A. ; Computed R.A. Observed Decl. ; Computed Decl. 


s ° / 4 ° / 4 


5 28 33-59 5 28 34.70 2032) 5531 +29 33 23:0 
21 11.99 23 13.46 | 4-11.23 26:0 kes eco, 
16 1.69 TOMes 24 2 @) Aisi 
1203 7,.05 12 37.68 Oe 
18 40.33 18 47.18 256 4.9 
19 41.71 19 42.53 2-6 54:6 


VIII. Obdservations of GALLE at Berlin. 
(Astr. Nachr., Vol. XXVI. p. 255; Vol. XLV. p. 267.) 
The places of the comet only were published in the /Vachrichten. Through the kindness of PRoFEssoR AUWERS, 


I received a copy of the original observations from which new places have been deduced. 


: No. of 
Aaeeinaly Compar- Observed R.A. j Computed R. A. Observed Decl. 3 Computed Decl. 


° 
s 
mel 


' 23.69 5 21 25.16 
33-09 34-61 
3-45 5-37 
44.65 46.40 
41.64 43-74 
37:35 | 38.18 
36.68 37.25 
39-58 40.30 
40.84 41.84 


(ee) 
[++ 


i 
| 


= 
| | 
-_ 


WAR AN NON NOD 
WwW 

OY SOT aE 

al - 

| | 

WAR ANT NYT NP H 


IX. Observations of v. Bocustawski at Breslau. 
(Astr. Nachr., Vol. XXVI. p. 247.) 


Longitude of Breslau 14" 33°.8 east of Berlin. The places of the comet have been corrected by means of the 
formulz given by the observer. 


wMiccnees Observed R. A. 5 Computed R. A. Observed Decl. 


h. 


ip ake Cb hy=m: s. m. S. 
SEs at eek 16 33 25.36 16.55 25:03 
G32 eee ¥6"5S'"22:27 16 18 23.78 
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X. Observations of Kaiser at Leiden. 
(Astr. Nachr., Vol. XXVI. pp. 272 and 277.) 


Longitude of Leiden 35™ 38°.6 west of Berlin. The determinations on October 15 and 16 were made with the 
equatorial, on October 18 with the micrometer. As no differences were given for the last date, I have applied the 
systematic correction. The observations are noted as poor by the observer. In the final discussion they were found 
to differ so greatly from the others that they were rejected. 


ee ‘ = Observed R. A. . Computed R.A. Observed Decl. 


he. im. s. h.  m. s. CET, Mu” 
16 18 24.90 EOUEOG 24.50 (12 3°57 41.5 
16 15 58.00 LOLEO- 1-93, |— 2.93, 7:0 =). 27 EE Anse 
TOM Lig Or5 1 LORE EESO.2 5 aT eo DA OG 12427. 22.5 


XI. Observation at Kongsberg with the Heliometer. 
(Astr. Nachr., Vol. XXIX. p. 347.) 


Longitude of Konigsberg 28™ 24°.0 east of Berlin. This observation seems to have been overlooked by RUMKER in 
his investigation. As there is no comparison-star given, I have used the place of the comet given in the Wachrichten. 


No. of No. of 


SR eas as cane Observed R. A. : Computed R. A. Observed Decl. , Computed Decl. 


° / Mf 


h, m. Ss. 3. hh. m. s. 
16 13 48.20 | +1.18 | 16 13 49.64 Shy acy Pete 


XII. Observations of DE Vico at Pome. 
(Astr. Nachr., Vol. XXVII. p. 230.) 


Longitude of Rome 3™ 40°.2 west of Berlin. There seems to be some error in the observation of December 15. 
The comparison-star given by DE Vico is W. B. XV. 227. The declination of this star I found to need a correction 
of —6! to bring it into agreement with the Zen Year Catalogue and with the approximate place as given in the Durch- 
musterung. RUMKER had remarked (Astr. Wachr., Vol. XXVII. p. 227) that such a correction was necessary to make 
it agree with Sanrint. A further discordance of 20% between the computed and observed R.A., which could not be 
accaunted for, led me to reject the observation entirely. 


tps ectien Observed R. A. F Computed R. A. Observed Decl. ; Computed Decl. 


hem: m Ss 


s. . : ; . rapt. S- 
1S710).4% | =. 13 40.18 13 38.67 5567-7 
(Ae VG pee are N | aaa 14 36.84 : 14 36.90 3) a0) Te d5 2 
$a 200 re ce 14 39-44 14 38.55 4 |— 6 12 24.0 
ESE MICZO: the. HGetO: 7.1 15 39.24 85 22746-5 
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XIII. Observation of Scumipr at Bonn. 
(Astr. Nachr., Vol. XXVI. p. 375.) 


Longitude of Bonn 25™ 11°.6 west of Berlin. 


oe Observed R.A. : Computed R. A. Observed Decl. 5 Computed Decl. 


h. s. A h. / A dA / Ww 


15 14 39.62 15 14 39.78 == 614 $0.40 G.00) On Le. aace 


§ 6. DETERMINATION OF THE NORMAL PLACES. 


For the purpose of determining the normal places I have arranged the values of Aa cos 6 
and A6é in chronological order, as follows: — 


Berlin Mean Time. 
Aacos & 


1847 Oct. 7.50813 Camden Lodge = 1.69 
7.52062 66 6é 
7.56437 Cambridge, U. S. [—"2:08] 
8.34818 Camden Lodge = O2 
8.35595 % 


8.37942 
9.51708 Cambridge, U. S. 


ce (73 


oOo NV AnN BW YN 


10.34634 Regent’s Park 
10.51310 e 

10.51 721 

11.32701 Camden Lodge 
11 33033 66 73 
11.33636 Regent’s Park 
11.35718 Cambridge, Eng. 
11.37578 Camden Lodge 
11.38478 Hamburg 
11.39387 Camden Lodge 
1.41038 Cambridge, Eng. 
11.44688 Camden Lodge 
11.46357 Hamburg 
11.46966 Camden Lodge 
11.57340 Cambridge, U.S. 


12.29912 Hamburg 
12,.315222 Vienna 
12.31696 Altona 
12.31723 S 

12.36603 Cambridge, Eng. 
12.36955 i 
12.37747 Hamburg 
13.34278 Camden Lodge 
13.35285 “ “ce 
13.38484 

13.38538 
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Berlin Mean Time. 


a847° Oct./14:27774 
14.29077 
14.29089 
P453°557 
14-33419 
14-35674 
14.55502 


15.28240 
15.28661 
ES Sey) 
15-33236 
£5 -34223 
15.34682 
15-34978 
cis) skubks 
15-54420 
16.27220 
16.28745 
16.29397 
16.29633 
16.31199 
17.26320 
17.28742 
17.29186 
17-33418 
18.25955 
18.30505 
18.50722 


1847 Dec. 11.75588 
12.72374 
13-74117 
13-74927 
14.71966 
¥4-72554 
14.74696 
14.76719 


15-74966 
16.75357 
17.75622 
17.76003 
18.72764 
18.73386 
19.72661 
19.76059 


Place. 


Altona 
Berlin 
Altona 
Hamburg 
Vienna 


Cambridge, U.S. 


Altona 

Berlin 
Hamburg 
Camden Lodge 


Breslau 
Leiden 
Breslau 


Cambridge, U.S. 


Berlin 
Vienna 
Altona 
Leiden 
Hamburg 
Kénigsberg 
Berlin 
Hamburg 
Camden Lodge 
Berlin 
Leiden 


Cambridge, U. S. 


Hamburg 
Vienna 
Berlin 
Rome 

66 
Berlin 
Rome 
Bonn 


Rome 
Berlin 
Hamburg 
Berlin 
Vienna 
Hamburg 
Vienna 
Hamburg 


= 


Lomas | 


+l t+ +++ F+tttttt+tt++s+se | 


| an joes | 


4acos § 


s. 
0.30 
0.20 
0.09 
0.29 
0.08 
0.72 
1.08] 


0.36 
0.09 
G51 
0.19 


1.97 
1.88] 


0.14 


3-28] 
0.65 


fitei ee Jee Ld 


| oe | 


Sao eon | 


CWOONNO AOKWAROR OS 


— ee 
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The values bracketed are those which, for reasons given above, have been rejected. 
All of the observations at Cambridge, U.S., and at Leiden, also that made at Rome on 


December 18, are included in this number. 


In those cases where there was a considerable 


disagreement, but no reason for distrusting the results of the observations, it has seemed 


best to retain them. 


The observations before perihelion were divided into four groups, and those after 
perihelion into two. In obtaining the normal places, I have formed equations of con- 
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4 


dition of the form a+ 4¢+cf2=C.—O. Owing to the small number of observations at 
each observatory, it was not feasible to determine with much certainty the relative weights 
and systematic errors for the different series. They have been treated, therefore, as of 
equal precision, and constant errors have been disregarded. 

By the solution of the equations the following values were found for the normal dates : — 


Normal Place, M. Eq. 1847.0. 


Date of the 
Normal Place. 


Decl. 


§ 7. COMPUTATION OF THE PERTURBATIONS. 


The perturbations have been computed by the Bonp-Encxe method for rectangular 
co-ordinates. The co-ordinates of the planets and the disturbing forces independent of 
the place of the perturbed body are given in the Hxlfstafeln of the Astr. Gesell. Publ, 
Vol. I., referred to the ecliptic; I have, therefore, taken that as the plane of reference. 
The co-ordinates, which are given for the mean equinox of 1850.0, were reduced to 
1847.0 by the formule found in the introduction to the tables. 

It was necessary next to compute the rectangular heliocentric co-ordinates of the comet 
referred to the ecliptic. These I determined for an interval of five days, and have indi- 
cated them by x’, y’, 2’. With log » they are as follows: — 


M. Eq. 1847.0. 


Berlin M. Time. 
x! y! gl 


Sept. 29 + 1.06807 + 0.32997 + 0.37631 0.07171 
Oct.; 4 1.00216 0.28927 0.29217 0.03472 
9 0.93038 0.24688 0.20634 9-99320 

14 0.85136 0.20259 0.11892 9.94605 

19 0.76312 0.15611 + 0.03028 9.89182 

24 0.66283 0.10720 — 0.05876 9.82867 

29 0.54637 0.05574 0.14617 9-75461 

3 0.40775 + 0.00217 0.22719 9.66912 

8 0.23981 == O.0R2 78 0.29065 9.58009 

13 + 0.04189 0.09700 0.31459 9-52095 

18  OLLG308 0.12416 0.27851 9-53879 

23 0.34182 0.13010 0.19383 9.61692 

28 0.48610 0.12224 = 0:009 54 9.70657 
0.60299 0.10723 + 0.02438 9-78742 
0.70031 0.08863 0.13585 9.85664 
0.78354 0.06821 0.24473 9-91577 
— 0.85626 — 0.04685 + 0.35041 9.96679 
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A comparison of the co-ordinates of the comet and of the several planets showed that 
the perturbations which it would be necessary to consider were those of Venus, the 
Earth, Fupiter, and Mars. In the cases of Venus and the Earth, the components of 
the disturbing forces were computed for every five days, but for Fupzter and Mars an 
interval of ten days was used, and the values interpolated for the intermediate dates. 
The subjoined table gives the quantities designated in Watson (Theoretical Astronomy, 
Pp. 430) by w’ X, w VY, and w* Z, expressed in units of the seventh decimal place, for each 
of the four planets separately. 


Earth. Jupiter. 


w2 Yo w? Xo w? Yo 


—Orc.0 : 282 Oars 
Opal) 2.14 0.40 
+ 0.40 1.93 0.43 
3-42 : 1.74 0.44 
1.90 : 1.50 0.45 
0.82 125 0.50 
0.38 0.99 0.57 
0.17 0.69 0.56 
+ 0.04 : 0.33 0.52 
10502 710103 0.44 
0.07 + 0.43 0.33 
0.10 0.73 0.28 
0.11 COP || — Cyne 
0.12 123 0.00 
0.13 1.40 | +0.32 
0.13 1.55 0.48 
Onl + 1.69 | +0.58 


values are as follows :— 


Integrating, there were found the resulting perturbations of the ecliptical co-ordinates, 
for which the osculation epoch is November 13.0: — 
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HAY | ap Ale 


By means of the usual formule for passing from the ecliptic to the equator the pertur- 
bations of the equatorial co-ordinates may be obtained. That step was here unnecessary 


except for the dates of the normal places, as follows: — 


1847. 


L101 DeCrrZ-0 
+ Torr 18.0 


§ 8. FORMATION OF THE EQUATIONS OF CONDITION. 


In order that the computed places of the comet for the normal dates might be 
determined with the greatest possible accuracy it seemed best to compute the co-ordinates 
of the sun by means of Leverrier’s General Tables. These give the polar co-ordinates 
and obliquity of the ecliptic, from which the rectangular co-ordinates were obtained by 
the usual formulae. These were then reduced to the mean equinox of 1847.0 by ap- 
plying the correction which I had calculated previously by the formule given in the 
Fahrouch. 


M. Eq. 1847.0. 
Date of si 
Normal Place 


True Longitude ©. ; Latitude. 
Ve 


i 


Oct. 8.0 0.9985484 | +0.09 | —0.9665124 | —0.2301703 | —0.0998746 


To secure an equal degree of accuracy in all respects, I likewise recomputed the helio- 
centric co-ordinates of the comet, using logarithms of seven decimals. Applying to these 


0.9976851 
0.9968181 
9.9959498 
0.9841731 
0.9837185 


0.43 
0.65 
0.68 
0.65 
+o0.01 


0.9513966 
9-933 7.207 
0.9135285 
OTS 50775 


— 0.0690291 


0.2755456 
0.3201 748 
0.3639309 
0.8914492 


— 0.9002025 


0.1195647 
0.1389306 


0.1579169 
0.3868082 


— 0.3906046 
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values the perturbations, and using the Leverrrer values of the sun’s co-ordinates, the 
R.A. and decl. were again determined. A comparison of these results with the normal 
places gave the following corrected values for Aa cos § and A8:— 

Comp. —Normal Place. 


Date of 
Normal Place. Comp. Decl. 


No of Obs. 
combined. 


Aacos 


Oct. 8.0 
II.0 

14.0 

17.0 

< 483.0 
18.0 


In finding the differential coefficients for the equations of condition, I have employed 
the formule given by ScHénFELD in Volume CXIII. of the Astronomische Nachrichten, 
using the equator as the plane of reference. By an easy substitution, putting 

ait COS 0 ya 6) 

UN DEN TLL ONE 
this method greatly simplifies the computation. In the actual work I have found it 
convenient to use the formule in the slightly modified form given by Kreutz in his 
investigation of the orbit of Comet 1861 II., referred to above. As a check, the geo- 
centric places were computed from elements affected by increments of 100” each. 

The equations of condition, for which the unit is the second of arc, are as follows, 
the coefficients and the absolute terms being expressed as logarithms : — 


I. Eguations of Condition. R.A. 


.79623 4% + 9.97408 dlog g + o.og01g dk! + 9.75211 nai! + 0.24402 nav! + 0.39577 de + 1.26007% =0 
9:79923 to 1 9-97 4 9 9-75 


9.86629 9.82413 9:95053 9.82952 # 0.39160 2 0.37865 0.30103 2#=0 
9.85172 9.50063 9-74489 9-72077 2 0.37671 2 0.27457 0.14613 =0 
9:77387 8.48142 9.38860 9.47983 ” 0.27299 2 0.10076 1.13354 =o 
8.77270 9.27529 2 9.09172 9.03929 2 9-64529 9.27228 2 0.74819 =0 
8.72615 9.38361 2 9.24358 9.21629 ” 9.67562 9:38477 2 1.17026 =0 
Il. Equations of Condition. Deel. 
9.71612 4% + 0.30026 mdlogg +9.91245 2 dx! + 0.07605 a7! + 0.56796 av! + 9.91884 de + 1.33244n =0 
9-99371 0.76691 2 0.44826 2 9-91399 0.47607 9.67158 0.76343 27 =0 
0.01220 0.89139 % 0.58469 2 9.42214 0.07808 9.46614 ” 0.176097 =0 
9-865 11 0.81316 2 0.50142 2 6.64941 ” 744257 2 9:75489 n 0.41497 =0 
9.20880 0.05711 # 9-73575 6.68418 7.29018 2 8.46767 2 0.96848 27 =o 
9.17841 2 0.07601 2 9-77936 7.99891 8.45824 2 8.72141 2 657075 =.— "0 


On account of the fewer number of observations combined in determining the first 
normal place, I have given the equations for that date the weight %; the others, al- 
though the number of observations combined varied somewhat, I have given the equal 
weight of unity. 
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§ 9. DETERMINATION OF THE ELEMENTS AND DiscussION OF THE RESULTS. 


From the equations of condition multiplied by the square root of their weights, the 
resulting normal equations are as follows: — 


7 


y 
4.572@e — 6.981 =0 


+ 4.35147 — 17.690dlogg — 7.880d«! +0.147di! + 0.031dy + 

— 17.690 + 142.921 + 67.682 = $865 = 33-934 + 5.995 + 42.537 =0 
= 7.980 Fe 075002 +35 520 ea Ke) =O. 327 + 6.011 +15.434=0 
sieOnteAu7 = Gels cad 0) + 2.475 Ores —OrO20 —19.326.= 0 
anO.O8i0 = BLO RUA — 19.327 + 8.825 + 34.439 eel G 4, — 57-461 =0 
4.572 + 5.995 + 6.011 22020 12-524 + 15.055 ; + 24.879 =0 


Their solution gives as the values of the unknowns, and their probable errors : — 


4 ihe 


@T = —0.003778 + 0.000636 d«! =—18,14 + 3:99 
a log g = —0.0000113 + 0.0000054 C0 =i Fe OaLe 
de = +0.0001727 + 0.0000268 dime a Ot 2-4 


I then solved the equations, neglecting the eccentricity, with the following results: — 


Wr A 
@T = -+0.000226 + 0.000027 ARSE F408 Eo 2:88 
d log g = —0.0000042 + 0.0000010 dt 420.55 +. 14.09 
(Lp SS OG Se LES 


These give respectively the elements : — 


Definitive Elements. Osculating for November 13.0. 


Best Parabola. Best Conic Section. 
T 1847 Nov. 14.44110 + 0.00023 Berlin M. T. ZT 1847 Nov. 14.43709 + 0.00064 Berlin M. T. 
log 7 9:5172349 + 0.0000010 log g 9-5172278 + 0.0000054 


1.0001727 + 0.0000268 


° / // Mt ° f /r 4 
wl” 272) 18: 55.03 + 3.86 w! 272 18 32.29 + 3.99 
Q! 190 16 25.12, 4.28 ' 190 19 31.68 + 2.48 
u 8 : 2 i! 
z 5 95 27205. £4.07 Me Bantnox Z 85 4. 48:20 2°9.11 M. Equinox 
847. 
@-8 270-387 (10.27 22-06 472 ® (276436 55:62 = 2.98 eae 
$& 190 49 50.92 + 4.63 &% 190 49 55.51 + 2.69 
2 108 9 34.94 + 14.93 z 108" =9,- 5.70 2-90.09 


I have substituted the values obtained for the unknowns in the equations of condition 
multiplied by the square root of their weights, and also determined the residuals from a 
comparison with the normal places of the co-ordinates computed from the corrected 
elements. 
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Parabola. Hyperbola 


Aacos$ 46 Naleose Aacos 6 Aé Aacos 6 46 


Aé 
from Eq. from Eq. from Eq. from Eq. 
BEGERGE RCo: from El, from El. Se Coan 2 Cond from El. from El. 


4/ , Mf / A 
—=<2:0 é 150 = aed Shs ec 
+ 2.9 : 740i T3330 + 4.9 + 3.0 
2:6 : = se = iH ok} as 
aired 5 Sie oP at Del aioe 
—6.5 : 1087 4.7 abl, = 53 
+ 6.8 3 + 6.9 a oy Tie +26 


The agreement of the values thus deduced is, in the case of both the parabola and the 
hyperbola, entirely satisfactory, the slight discordances being due to accumulated last-figure 
errors. Similarly, the small differences in the values [fvv] = 702.11 and [z25] = 702.02, 
for the parabola, and [fuv] = 171.87 and [zxz6] = 168.96 for the hyperbola, are entirely 
within the limits of accuracy of the computation. 

There thus appears in the considerable reduction of the sum of the squares of the 
residuals a strong confirmation of the hyperbolic character of the orbit. An examination 
of the two series of residuals shows that this reduction is contributed to mainly by the 
normal places in R.A. of October 8, October 17, and December 18. The place for the 
first of these three dates, as it depends on one observer only, might be considered liable 
to the suspicion of systematic error. The last two, however, seem well determined by 
the agreement of the several observations combined, and not likely to be so much in 
error as the assumption of a parabolic orbit would indicate. The conclusion thus seems 
well warranted, that the observational data available for this comet require a hyperbola for 
their satisfactory representation. 
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§ 1. INTRODUCTION. 


As a basis for future study in proper motion, I have, at the suggestion of Dr. ELxry, and 
under his general guidance, made the following investigation with the Yale Heliometer upon 
the cluster in Coma Berenices. In this work I have included all of the stars which are within 
about a degree and a half of the centre of the cluster, and which are as bright as magnitude 
8.5, according to the Bonn Durchmusterung, this being about the lowest limit at which very 
reliable observations can be made with the Yale instrument. The list thus selected comprises 


thirty-two stars. 


§ 2. PLAN oF THE Work. 


The plan of the work was somewhat similar to the second method employed by Dr. Erxin 
in his triangulation of the Pleiades group, except that instead of locating the several stars by 
measures from four fundamental stars forming a quadrilateral, the present triangulation rests 
upon measures from six fundamental stars, five forming a nearly equilateral pentagon, which 
comprises within it nearly all the rest of the group, and the sixth star being approximately in 
the centre of the cluster. The results are thus made to depend almost wholly upon observa- 
tions of distance, which with the heliometer are known to be much more accurate. than those 
of position angle, while the latter have been employed only in the determination of the posi- 
tions of the six fundamental stars and in finding the scale-value. 

The observations extend over two periods ; namely, from Feb. 22 to Aug. 6, 1891, and from 
Jan. 6 to June 1, 1892. The position of each star was made to depend upon either eighteen 
or twenty observations. If the star could be measured but from three of the fundamental stars, 
its distance from each was observed six times; if from four, five times, if from five, four times, 
and if from all six, three times. . Thus, without considering differences of brightness, the 
resulting positions should be determined with nearly equal weight. 

The accompanying chart illustrates more clearly the plan of the work. The six funda- 
mental stars of reference are lettered a, 0, ¢, d, e, f, in order of increasing right ascension, 
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while the twenty-six remaining stars of the cluster are numbered from 1 to 26, also in order of 
right ascension. The stars A, B, C, D, and m, x, 5, f, p, in the reduced chart constitute two 
zones observed for determining the scale-value. 

A complete observation in this work consists of four pointings. After the first has been 
made, the positions of the images are interchanged by means of the reversing prism eyepiece, 
power 210, which has been employed in almost all of the other Yale heliometric work. The 
second pointing is then made, after which the semi-lenses are interchanged and two more 
pointings made like the first two. In observations of distance the distance handle has always 
been turned in the same direction, while in observations of pesition angle the position circle 
handle has been turned alternately to the night and left in the successive pointings. At the 
same time in distance measures the principal errors in the screw are eliminated by bisecting 
the same division of one of the scales by one, and then by the other, of two pairs of fixed spider 
threads in the micrometer one-half of a revolution of the screw apart. 


§ 3. DETERMINATION OF SCALE-VALUE. 


Since in all heliometric work it is essential that the scale-value should be determined under 
as nearly as possible the same conditions as obtain in the observations, two zones of stars 
were selected extending through the cluster at right angles to each other. The stars of the 
first zone, A, B, C, PD, lie nearly on the same hour circle. As a basis for the work, the two 
terminal stars of this zone were, through the kindness of the observers, determined with meri- 
dian circles at the following observatories and with the following results for 1891.0. 


Star D. 
Observatory. Observer. R. A. Decl. R. A. Decl. 
ef hy ml “Ss. Ona is hea) me vss © eed 

Washburn A. S. Flint Dla 0s WeOt se 9305 Uae oe 12.16 42-079} 25 22 42.34 
Se S. D. Townley 1.924 27.86 42.101 41.96 
Cincinnati J Garborter 1.934 28.74 AQet22 43-98 
Miss C. R. Willard 
Carleton College aid EC Wilean 1.948 27h 42.084 42.32 
Lick J. M. Schaeberle 1.951 28.68 42.076 43-50 


Mean, 12 12'1:934 1-930 St 28:23 12 16. 42,092 +25 22 42.82 


These observations were also combined by assigning different weights depending on the 
number of observations and our best judgment of their character ; but as the results are almost 
identical with the simple means, differing from them by at most 0.02, I have preferred to 
give each observatory equal weight. 

Given below are the heliometer observations of distance and position angle of this zone, — 
the former expressed in semi-revolutions of the screw (R), corrected for refraction and aber- 
ration ; the latter for these also and for precession, nutation, and the instrumental} errors, and 
the mean for an assumed index error of the position circle. 
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In reducing these observations, as throughout the work, no correction has been made 
for proper motion, none of the stars included in this investigation being found in Professor 
Porter’s catalogue, which is intended to contain most stars having an annual proper motion 
exceeding 0”.15. 

To the mean observed distances are added the corrections for the division errors of the 
scales, taken from the table given by Dr. ELx1n on p. 23, and also a correction for the effect 
of temperature, which will be explained subsequently. The.temperature of the outside air 
is given in degrees Fahrenheit. ‘ | 


Observed Distances in Zone A-D. 


AB 
R R 
1891, Feb. 22 514.167 : EOgT, oFeb.-32 523-705 ; 1391, .Pebs22- (537.057 
Mar. 18 a AS z Mar. 18 +730 : Mar. 18 8.011 
ANE 6 -193 : Apr. 6 -708 : ENDO 7-958 
May 1 -170 : May 1 750 : May 1 7:955 
May 31 LQ: : May 31 oO Oe May 31 7.982 
July 4 mle : July SOR ; July 7-949 
Aug. 2 -176 2 Aug. “752 : Aug. 7.962 
1892, Jan. 25 -149 : Jan. -750 é 1892, Jan. 7.940 
Mar. 7 185 : Mar. -739 : Mar. 7.933 
Mar. 30 -I1QI 5 Mar. a5 ‘ Mar. 7-981 


Mean, 514.1769 44-5 523-7393 44. 537-9628 
Corree. for div. error, — 0.0038 — 0.0056 — 0.0090 
4 “ temp., — 0.0041 — 0.0041 — 0.0042 


Corrected mean, 514.1690 523-7296 537-9496 


AB 

1892, Jan. 16 170 5 27 

170 2 

35° . 47 

So 10 

He 40 

170 16 

352 4 

ufo) 45 
Mean, 170 - 176 40 55.1 
Assumed correc. for index error, , — 54.5 


Corrected mean, 170 : 176 40 0.6 


From the meridian positions of the stars 4 and D and the above observations for the pairs 
AB and CD, using an assumed scale-value (R = 12”.68202), I find the following approximate 
positions for the stars B and C, 

Star, R. A. a % 
sep eG 183 A hee + i 4 10.41 
C 183 42 44.11 + 27.13 39-57- 
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The distances and position angles calculated from these assumed positions of the stars B 
and C and the meridian places of A and LY, compared with the observations, give by the 


general differential formule, 


Jt 


ds = + cosp, (¢d8 — dd) + cos § (8 + 8) sin fZ, (da’ — da) 
s 


Ts eh OE IRE he 


the following six equations of condition : — 


o-C 
50,130 sa. — 0.987 Ad, —6.52As = — 0.094 
— 0.051 Aa, + 0.051 Aa, + 0.998 Ad, — 0.998 Ad. — 6.64 A5 = — 0.129 
—o.196 Aa, + 0.9764 6.— 6.82 A5 = — 0.170 
— 0.855 Aa, — 0.159 A 46, — 0.032 Ap = — 0.003 
+ 0.880 Aa, — 0.880 Aa, + 0.058 Ad, — 0.058 A 8. — 0.032 Ap = + 0.006 
+ 0.875 Aa, + 0.219 A6. — 0.033 Af = — 0.036, 
where A a, = correction to assumed R. A. of star B, 
[NON ss s Decl een 
Aa, = e s x Race aC, 
ASS 4 Ms oe Deck = 2G; 
As =correction per 1000” to the assumed scale-value (R = 12”.68202), 
Ap = As to the assumed correction for index error (— 547.5). 


These six equations involving six unknowns can be solved rigidly, and they give 


As =-0".0198; whence R = 12”.68227, 
Ap = + 0.3 (in angle) ; whence correction for index error = — 54.2. 


For the second determination of the scale-value and index error, the differences in the 
right ascension and declination of the two terminal stars # and g of the second zone, the 
stars of which lie very nearly on the same parallel of declination, were observed by myself 
with the filar micrometer of the Yale 8-inch equatorial and the chronograph. The results 
were : — 


1892, Apr. 13 
hy 
16 
£9 
25 
24 
26 


Mean, +30 43.390 


= + '27650.85 
Correction to 1892.0, — 1.37 
Mean diff. 1892.0, + 27649.48 
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The distances and position angles in this zone as measured by the heliometer, and cor- 
rected as were those of the other zone, are as follows: — 


Observed Distances in Zone m-p. 


Mm I 


R R R R 
1892, Apr. 10 369.264 540.908 549.263 495.844 
Tr .264 : 924 264 .808 


15 eZine .903 : 284 3 804 
16 209 -916 203 ‘ 835 
19 .306 ; 916 298 é 2842 


24 263 952 309 .840 
26 .266 -945 : +290 .829 


Mean, 369.2691 540.9237 549-2859 495.8289 
Correc. for div. error, + 0.0012 — 0.0098 — 0.0121 — 0.0014 


ce ce 
temp., + 0.0002 + 0.0002 + 0.0002 + 0.0001 


Corrected mean, 369.2705 540.9141 549.2740 495.8276 


Observed Position Angles in Zone m-p. 


1892, 26 
48 
NS 
42 


478 
Assumed correc. for index error, : 4c 


Corrected mean, 6 93 59 533 


To get approximate positions of the stars constituting this zone, first a position of star f 
was calculated from the heliometer observations of its distance and position angle from star D, 
one of the two stars determined by the meridian observations. (A more accurate position 
subsequently derived from a preliminary solution for the fundamental stars has been used in 
the following solution.) Then in the same way from this place of star 4, using the above 
observations, approximate positions of the stars ~, 5, z, and m were successively calculated. 
The places thus derived for # and ~ were: — 


Star. R. A. Decl. 
p 187 49 32.40 +26 23 19.42 
m nO 6 AMA “126 22" 19.44 


Dif=-+" 7-40 49.39 + 0 oO 59.98. 
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It will be noticed that these differences do not quite agree with those found with the 


equatorial, which were 
R. A. Decl. 


+ 9° 40’ 497.48 +0° of 587 34, 


To make the assumed places of # and g accord with the filar micrometer observations, the 
necessary correction was distributed to each star of the zone proportionally to its distance 
from the fundamental star f£ and this gave the following approximate positions : — 


Star. R.A. Decl. 

p 187° 49 32.30 +26 23 19.01 
if 185 52 46.15 26. 20, 37.86 
5 183 43 «6.95 26, $36.) 92.40 
n Me BS AG 26.._28 18.85 
m TO OmmOMEEA2Ao12 WO) pe BOLE 


The distances and position angles computed from these assumed co-ordinates, compared 
with the heliometer observations, give rise to the following equations of condition, the last four 


of which are expressed in units of angle: — 


O-C 
+ 0.893 x,, + 0.0769, — 4.68 As =-+ 0.128 
— 0.893 x, + 0.893 5 — 0.067 3, + 0.067 Vs Se Se Nee 
— 0.893 x5 + 0.893 x, + 0.047 V5 — 0.047 ¥-— 6.97 AS _( = =0074 
— 0.893 %, -- 0.070 7,— 6.2945 i OrOn 
2 Ee op ae — 43.9)'n — 1.00Af = — 14.8 
— 1.814, + 1.81 4; : + 30.09, — 30.05 — 1.00 Af = — 14.5 Aree 
+ 1.23%; — 1.23%; + 29.675 — 29.6 y, > SOA) SS TS ora 
2.05 2, 3207 Ve — 1.00Ap = — 13.9 79 
where Xn, X,, %s, x, = the corrections to the assumed R. A. o. the respective stars ; 
ye, Vo Voy DY — 6c 66 66 Decl. 66 66 ce : 
As = the correction per 1000” to the assumed scale-value (12””.68202) ; 
and Ap = eS to the assumed index error of position circle (— 54”’.5). 


Since the corrections %,, In etc., are all very small, it will be seen that by adding the first 
four of these equations of condition we may obtain very closely the true value of As and by 
adding the last four, the value of Ag. Thus we have: — 


As=—0’.0042; whence & = 12”.68197, 
Ap= + 14”.2; whence correction for index error = — 40.3. 


The discrepancy between the results found from the two zones may be due to a systematic 
change with the time, for the observations of the second zone were not made until near the 
close of the work, while those of the former were for the most part made in the earlier stages. 
Since the larger part of the observations of the cluster were made during the first year, and 
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since there was a greater number of observations of the first zone and the places of its two 
terminal stars were determined with greater accuracy, I have given the first results double 
weight. This ratio a subsequent investigation of the probable errors showed to be about 
correct, at least in the case of the scale-value. Combining thus the values found, we have: 


” wt ” 


From zone 4-D, R = 12.68227 + 0.00014 AP = — 54.2 + 4.5 Wt. 2 
Sa re AIP, 12.638197 + 0.00018 ——PAOnse eG I 
Adopted values, 12.68217 + 0.00009 — 49.6 + 2.7 


log & =[1.1031936]. 


These are the values I have used in all the subsequent reductions. 

The probable errors here given were thus derived :— 

For the meridian observations of the zone 4 — VD, I find that the probable error of the 
mean results derived from the five series are, 


Probable error, diff. in R. A. = + 0.107 
a iy sc Decl c==426" 156: 


Similarly, for the filar micrometer observations of the zone m — # I get, 


Probable error, diff. in R. A. = + 07.327 
“ so + Decl. = + 07.188. 


Now the probable error of a single distance calculated from ten heliometer observations 
of distance, where the stars are brighter than 7.5 magnitude, including a certain residual error 
obtained from a subsequent investigation of the entire triangulation, will be found from the 
table given on p. 251 to be, 


R 
Probable error of a distance depending on 10 observations = + 0.093, or + 0.0073, 


S a “ sum of three distances, each depending on 10 obs. =I 0.0120, 


Similarly assuming roughly for all the stars of the zone #— p a magnitude 8.0, since 
two are fainter than that, the number of observations being seven, we find from same table, 


R 
Probable error of a distance depending on 7 observations = + 07.112, or + 0.0088, 


sf h “ sum of four distances, each depending on 7 obs. = + 0.0176. 


From these data the probable errors of the scale-values above given are readily derived. 
The probable errors of the meridian and filar micrometer observations above given are 


equivalent to the following effects on the position angles: — 
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Zone A-D, probable error diff. in R. A. = + 1.00, 
ce 6c ce ce ce (73 Decl. = + 0.23, 
ZONE =p S SRA OlOOs 
(73 66 ce “ “cc 6c Decl. = aa 1.56. 


For a single heliometer observation of position angle, I find, by comparing all such 
observations made in this work, the distances being all rather large, from 3900” to 6900”, a 
probable error = + 15”.1. Nowassuming the position angles also to have a residual error bear- 
ing the same ratio to the observational probable error as will be seen on pp. 251 and 237 to 
exist in observations of distance, — namely, as 0°.075 to 0.194, — we get for the residual 
error in position angle measures the value + 5.9, and therefore we have, ‘ 


” 


Probable error of a position angle depending on 8 observations =+ 7.8, 
a. “« the sum of 3 such position angles (zone A—D) = + 13.5; 
e a “a position angle depending on 4 observations =+ 9.6, 
“ ss “ the sum of 4 such position angles (zone m—p) = + 19.2. 


It will be seen by inspecting the equations of condition that the index error is approxi- 
mately determined from the following equations : — 


For zone 4A-D, 3 Af = sum of observed position angles — computed sum 
66 m—p 4 Ap a 66 66 66 66 66 ee 66 (79 
; = 


Assuming that the probable error of the computed sum is the same as that of the position 
angles of d D and mp respectively, there follow the above-deduced probable errors for the 
index error. 


§ 4. First DETERMINATION OF PLACES OF THE SIX FUNDAMENTAL STARS. 


Having determined the scale-value and index error, we are able to proceed to the next 
step of the work, — the establishment of our fundamental points of reference. The first method, 
employed for this purpose, was to use only all the intermutual measures of distance and 
position angle of the fundamental stars so far as they were in range of the heliometer. The 
following are the heliometer measures of these distances, corrected as those given before, and 
the value in are according to the adopted scale-value. 
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Observed Distances of the Fundamental Stars. 


ab . ac . ad 


R R R 

1891, Feb. 28 456.011 1891, Feb. 28 478.549 28 407.380 
Mar. 25 .003 Mar. 25 +550 : 25 414 
Apr. .030 Apr. 594 : di -403 


~ June 
July 


.052 June 614 5] -429 
01g : July ser : -469 
27 .054 F e .619 i 481 
1892, Jan. 25 .007 Jan. 550 453 
Mar. 9 .007 : Mar. Sci] ; -400 
Real eX) _ .006 : es 596 : 30 .404 
Mean, 456.0225 ; 478.5728 é 407.4286 
Correc. for div. error, + 16 + 4 + 20 
Correc. for temp., — 20 — 21 


Corrected mean, 456.0221 ) 478.5711 407.4302 
5783-350) 6069’”.320 5 167.098 


7 

May 3 .036 May 548 . 393 
5 
5 


bd . be 


R R 

1891, Feb. 28 495.252 517-936 305.094 
2495 5 -919 : .100 

27s : : Qi2 : .092 

270 : -937 piiins 

$205 53s 592 : 024 

.280 ; 972 : -I1O 

268 : O57 3133 

1892, Jan. 2b 938 .084 
Mar. 9 245 943 134 

ie £30 .280 38 Bah 
Mean, 495.2704 517-9337 305.1100 
Correc. for div. error, — 13 — 45 — 3 
Correc. for temp , — 2 — 1 + 13 


Corrected mean, 495-2689 ) 517.9291 , 305.1100 } 
6281'.085 ) 6568'.466 3869”.457 


cf Temp. df 
R R R 
473-381 539-151 : 409:564 
+385 -153 : “579 
hy fa! ; .128 : 565 
-404 166 : 575 
.402 144 : 568 
.420 3 -189 : AS 
421 -193 é O10) 
394 5 Se . 583 
381 ; : .136 ; 584 
394 . ey] 5: 59 
473-3953 539-1499 . 409-5797 
Correc. for div. error, + 7 — 93 + 20 
Correc. for temp., +17 + 23 + 20 


Corrected mean, 473-3977 : 539-1429 ' ee 
6003.7 11 68377".503 5194.411 
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ef 


R 
1891, Mar. 1 416.366 
‘“ 439 
413 
412, 
“435 
474 
418 


1892, Jan. 27 415 

Mar. 7 425 

weet -434 
Mean, 416.4231 
Correc. for div. error, + 20 
Correc. for temp., + 18 

Corrected mean, 416.4269 ; 

5281".197 


In the following table are given the corresponding observations of position angle, each 
corrected for refraction, aberration, precession, nutation, and the instrumental constants, 
while the means are corrected for the index error and for the necessary correction to the 
measured position angle, which is that at the middle point between the two stars, to reduce 
it to the mean of the position angles at each star. This latter.is denominated Zp», and its 
value is expressed by the equation 


fo=fht ges?sin 1” sin2p(1 + 2tg?d). 


Observed Posttion Angles of the Fundamental Stars. 


1892, May 8 86 
i” "1.69 <206 
oF) 24. BESO 
2 it BOGS 
86 
Correc. for index error, 
bho—P; 
Do = 16 


1892, May 8 1892, May 8 


6c 16 


ce 


16 
24 
Br 


ee 
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1892, May 8 a11 1892, May 8 
cen TOME CL a TOM 

“c 24 31 “ 24 

ees iy 205 Urey 
Mean, 31 

Correc. for index error, 
Po — 2; 

Zo— 3 


1892, May 9 157 

ey 
337 
57 
Le! 


Correc. for index error, 
Po mad P; 
Po = 157 


To obtain approximate places for the six fundamental stars to serve as a basis for the 
adjustment of these measures, the position of star @ was calculated from the observed dis- 
tance and position angle from ¢ (or J), to the meridian position of which star the whole 
triangulation is made to refer. From this deduced position of star @ approximate places 
of the remaining stars were calculated in the same manner, and a preliminary adjustment, 
like the one given below, led to the following co-ordinates : — 


Star. RoAS Decl. 

a 182 40 10.41 +26 21 38.59 
b TZ 1% TORS +27 53 - 59.90 
c $345 812 16:7'7 1258 22022 2.02 
d FO4 730 -9.16 +26 26 43.25 
é TOS" PSG 0:40 +27 51 59.15 
a Foe. e52) (46,20 +126 30 37:50. 


The distances and position angles calculated from these co-ordinates, compared with the 
observations, give the following equations of condition for the necessary corrections %,, %j 
etc., in right ascension, y,, 7, etc., in declination, to these assumed places : — 


224 


— 0.255 Xe 
— 0.729 X4 
— 0.894 Xz 
— 0.491 X, 
— 0.883 x, 
— 0.061 x, 
— 0.466 xz 
— 0.720%, 
— 0.894 Xz 
OSG ve 


— 0.853 %2 
+ 0.527 Xz 
— 0.053 Xa 
0.472 X5 
0.016 x, 
— 0.897 x, 
— 0.758 xz 
Ta DOD ve 
— 0.040 Xz 


+ 0.822 x, 
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Equations of Condition. 


+ 0.255 X, 
+ 0.729 %, 
+ 0.894 xz 
+ 0.491 Xz 
+ 0.883 x, 
+ 0.061 x, 
+ 0.466 x, 
+ 0.720 4, 
+ 0.894 x, 
TF 0.339 % 


+ 0.853 x5 
— 0.5274, 
+ 0.053 Xz 
— 0.742 x4 
— 0.016%, 
+ 0.897 xz 
+ 0.758 x, 
+ 0.539 4, 
+ 0.040 X, 
— 0.822 4, 


— 0.958 Jin 
+ 0:586 Ya 
eo 0.059 Va 
+ 0.8349s 
+ 0.019 V, 
— 0.998, 
— 0.852 Vz 
— 0.599 Ve 
— 0.045 Va 
+ 0.924 Ve 


+ 0.2869, 
+ 0.810 7, 
+ 0.998 Vo 
+ 0.552 Ns 
-++ 1.000 Vy, 
+ 0.068 y, 
+ 0.523 Ve 
+ 0.800 ¥, 
+ 0.999 Va 
+ 0.382 y, 


“TC 59 J) ae ee 
— 0.586 y, = 
Tr OsO5 Ogu | ta 
— 0.834 Va => 
7 SOLO 
+ 0.993872 = 
+ 0.852 y, = 
oF 2599 Jas = 
+ 0.045Np = 
— 0.924 V, = 


— 0.286 7, = 
— 0.810 y, = 
— 0.998 ¥e = 
= O50 2 2e~ f= 


— — 0080 


— 1.000 y, 


— 0.068 yz = 


— 0.523 Ve fata 
—o8007, = 


me ID 
— 0.382 9, 


+ 0.050 
+ 0,080 
+ 0.096 
ap (eis 
+ 0.116 
+ 0.081 
+ 0.041 
— 0.056 
+ 0.181 
Oe 5 


ole Owlogek 
+ 0.065 
— 0.232 


+ 0.335 


+ 0.357 
ap Ouexoys 
—- 0.189 
— 0.426 
— 0.049 


The last ten equations, which were derived from the position angle observations, have 
been given one-twelfth weight in forming the normals, for the following reason: the proba- 
ble error of one observation of position angle comes out to be +:0”.371 expressed in arc, while 
that of one observation of distance is 0’.174; that is, the relative weights of one observation 
are as 1 to 4.5, and since there are ten observations of distance to only four of position 
angle, the relative weights should be as 4 to 45. The residuals derived from the pre- 
liminary solution show this ratio to be about 1 to 14. As a compromise, I have therefore 
in the final solution assigned to the last ten equations the weight ;4; as compared with 
thewtirst- ten. 


These equations of condition thus treated reduce to the following ten normals : — 


n 


+ 1.479 X%_ — 0.119 Yq — 0.126%, — 0.224. V, — 0.799 Xz — 0.048 Vy =— 0.165 
—o.119 + 1.410 —0.224 —0.925 —0.048 —0.086 =— 0.017 
= 0,126" — 0.224 -F 1.193 —o.167 —0.287 +0.376 —0.780%, + 0.0169, =—o0.118 
— 0.224 —0.925 —0.167 +1.730 +0376 —0.721 +0016 —0.084 = 0.059 
— 9.799 —0.048 —0.287° +0376 +2.221 +0.129 —0.265 —0.364 —o. 199 X,— 0.037V,-—= — 0.040 
— 0.043 — 0.086 +0.376 —0.721 +0.129 +2.638 —0.364 —0.749 —0.037 — 0.085  =— 0.081 
— 0.780 + 0.016 —0.265 —0.364 +1217 +0061 —0.172 +0.287 =-+0,051 

+ 0,016 —0.084 —0.364 —0.749 +0.061 +1.699 +0.287 —0.866 =4-0.259 

— 0.799. — 0.037 0.172 +06.287 =P 3513 -Ot4s "=--- aece 

—0.037 —0.085 + 0.287 —©866 -+ 0.145 --1263 = — oto 


OBSERVED DISTANCES FROM THE FUNDAMENTAL STARS. 225 


The solution of these normals gives the following values for the unknowns, with their 
probable errors and weights, the probable error of weight 1 being + 0”.064: — 


ey g Wt. is 2 Wt. 
Ca — (Oma 4 + 0.083 0.586 ae | OL OFT + 0.090 0.507 
a On k Ey zt 0.140 0.205 th S sp Oe + 0.082 0.600 
kz = — 0.050 + 0.088 0.532 Ja = + 0.049 + 0.056 Ligeti ie 
Ce" -|-8O;008 + 0.139 0.209 Ve = 0.105 + 0.084 0.585 
%, = -+ 0.005 + 0.086 62537 Jp = — 0.095 + 0.093 0.471. 


Correcting the assumed places by these values, we obtain the following first system of 
fundamental points, from which a first adjustment of the remaining stars was made : — 


first System of Co-ordinates of the Fundamental Stars. 


Star. R, A. Decl. 


a To? 40" “10.20 +26 21 38.63 
b E3301 10.47 27. 54s 50:62 
é 184 20 16.57 R222 2.02 
a 134 £6 9.11 26 26 43.30 
é 185 15 06.49 27s tee 5.25 
fe 185 52 46.29 20 20) EST Te 


§ 5. OBSERVED DISTANCES FROM THE FUNDAMENTAL STARS. 


On the following pages are given the heliometer observations of distance of the stars 1-26 
from the fundamental stars, together with corrections such as were applied in the previously 
given observations. Star 7 being a close double star, it was more convenient and more accu- 
rate to make the observations refer to the middle point between the two components, and a 
series of observations was made subsequently for determining the positions of the components 
from this central point. 
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rec, Temp. 10 Temp. 1¢é Temp. 
R ° R ° R 2 
1891, Mar. 4 121.742 25.0 1891, Mar. 4 491.147 25.0 1891, Mar. 4 359.000 24.5 
Apr. 8 .769 35.0 Apr. 8 199 35-0 Apr. 8 .000 35.0 
June 8 e741 30 108-0 June 8 HGR OBS June 8 -O2 Om OBO 
1892, Jan. 30 JO a. 22:0 1892, Jan. 30 SUP oi oa inl 1892, Jan. 30 ‘Ob2 a e2i-6 
. Mar. 19 OOM On Mar. 19 -I40 — 30.0 Mar. 19 .004. 30.0 
Mean, 121.7498 35-1 491.1614 349 359-0084 34.8 
Correc. for div. error, — 0.0001 — 7 + 9 
Correc. for temp., ++ 0.0010 + 45 + 33 
Corrected mean, 121.7507 491.1652 359-0126 
1544” .063 } 6229'.041 } 4553 +059 ) 
ite Temp. 2a Temp. 20 Temp. 
R fe) R ° : R 12) 
1891, Mar. 4 307.766 24.5 1891, Mar. 4 202.868 24.0 1891, Mar. 4 317.042 24.0 
Apr. 8 -786 35.0 Apr. 8 896 34.5 ENO 485 2054 34.5 
June 8 0202.5 June 8 918 62.5 June 8 -073 62.0 
1892, Jan. 30 HAG  BEso 1892, Jan. 31 iy Boe 1892, Jan. 31 043 25.5 
Mar. 19 SSI ROC DN 2 ORE Odo) Mar. 19 +040 29.5 
Mean, 307-7804 34.6 202.9068 41.5 317-0504 35.1 
Correc. for div. error, — 12 — 24 =e 
Correc. for temp., + 29 — 5 -+ 28 
Corrected mean, 307.7821 } 202.9039 317.0524 
3903” +345 2573 .262 } 4020'.913 } 
226 Temp. 2d Temp. 3a Temp. 
R ° R e R ° 
1891, Mar. 4 “4591910 23:5 ¥891, Mare “49 1262:227. 23.0 189%, Mar. 5 (197.412 50.5 
Apr. 8 943 34-5 Apr. 8 197 34-5 Apr. 8 724 34.5 
June 8 .962 62.0 June 8 Bit (2x0 June 9 750 25 705 
SOM, aio 28 959 25.0 1892, Jan. 31 -180 25.0 1892, Jan. 31 “731 “25.0 
Mar. 19 929 29.0 Mar. 19 211s) 20-0 Mar. 29 ROues ees 
Mean 459-9406 34.8 262.1978 34-7 197-7346 34. 
Correc. for an error, + 16 — 26 a ee ote 
Correc, for temp., + 43 + 25 4 26 
Corrected mean, 459-9465 262.1977 197.7344 
5833 .120 3325 4220 \ 2507” 701 i 
3 b Temp. 3¢ Temp. 3 ad Temp. 
R 9 R 9 R ° 
ESOT, Mats 5 99376,555 9 10,0 1891, Mar. 5 404.552 18.5 1891, Mar. 5 226.275 "18.0 
Apr. 8 2524 34.0 Apr. 8 555, Ss 40 Apr. 8 -236 34.0 
June 9 525) 57.0 June 9 67S) 570 June 9 332d 87-0 
1892, Jan. 31 “515 24,5 1892, Jan. 31 “G54. 124.5 1892, Feb. 4 273 020.5 
Mar. 29 542 36.0 Mar. 29 592 36.0 Mar. 29 228 36.5 
Mean, 370.5268 34.1 404.5662 34.0 226.2666 34.2 
Correc. for diy. error, + 12 + 20 — 29 
Correc. for temp., + 39 + 43 + 23 
Corrected mean, eee, 404.5725 i 226.2660 
4699”.149 51307.858 a | 
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4a Temp. 
R fe} 
281.922 30.5 
“O17 45:5 
“O39 S122 
923 13-0 
oy oes RO 
035s sord 
231.9347 30.4 
Correc. for div. error, — 21 
Correc. for temp., + 18 


Corrected mean, 281.9344 ) 
3575-540) 


1891, Mar. to 


Togi. Mar. -5 
May 9 
June 10 
Mean, 
Correc. for div. error, 
Correc. for temp., 


Corrected mean, 275.1029 ) 


3488”.g02 ) 
5a Temp. 


R 
1891, Mar. 5 146.631 
May 8 644 
June 10 659 : 
Mean, 146.6447 43. 
Correc. for div. error, — 5 
Correc. for temp., — 10 


Corrected mean, 146.6432 ) 
1859".754) 


6a 


1891, Mar. 10 coe 
May 4 “314 
ONS ae => 
2, Ie, 7 
<é 5 12.0 
362.3384 33-6 
+ 10 
TAL 
ee 
4595-303 


6d Temp. 

R ie} 

1891, Mar. 11 260.074 31.5 
May 4 ol ANO Wes 
June 11 .084 63.5 

£692, (Feb. .4 1057. 25.0 


Mean, 
Correc. for div. error, 
Correc. for temp., 


Corrected mean, 


Mean, 260.0815 40.0 
Correc. for div. error, — 27 
Correc. for temp., fo) 


Corrected mean, 260.0788 i 
3298'".365 


4¢ 
R 
205.156 
.186 
-198 
-128 
Srigty 


165 


205-1575 
ar eh 
205-1565 
2601’’.830 


50 
R 
392.501 


392-5350 45.8 
+ 18 

eae 

4978".167 


5é Temp. 

R fe) 
527.751 18.5 

720" (52.0 

756 JOI-5 
527-7453 44-0 

— 66 

— 38 
Be 
6692'.826 


60 Temp. 


R te} 
Mar. 10 235.334 29-0 
May 4 344 39-0 
June 11 348 63-5 
Feb. 4 353 24:0 


235-3447 38-9 

nee A 

235.3421 
2984”.649 


6¢e Temp. 


R O° 

1891, Mar. 10 425.240 28.5 
May 4 -205 40.5 

June 11 .264 63.0 

1892, Feb. 4 ARO Piso, 


425.2552 39.2 
+ 20 
ee 
oe 
5393-192 


IO 
23 
9 
5 
29 
31 


Mar. 5 
May 9 
June to 


Mar. 5 
May 8 
June ro 


1891, Mar. to 
May 4 
June 11 
1892, Feb. 4 


LOOM NIELS 
May 28 
June 11 
1892, Mar. 29 
Apr. 23 


4a 
R 
304.903 
903 
.926 
.892 
.888 
‘910 34-5 
304-9037 
+ 20 
304-9044 ) 
3866.850 J 


$¢ Temp. 
R ° 
368.484 1 
480 5 
517 6 
368 4937 45.8 
+ 12 
— 38 
308.4911) 
4673'".267 5 


ys Temp. 

R re) 
549-312 180 

Hedley) 

Ons 
549-2997 44.0 

122 

— 39 
549.2836 
6966”. 109 


537:972 
-Q5I 
-996 
.go2 


537-9552 

13) 
537-9471 ) 
6822”.337 § 


7 @ Temp. 
O° 


R 
467.876 47.0 
53:9 
64.0 
38.0 
49-0 
50.2 


5933-482 } 
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7h b Temp. 
R ° 
roi, Apr 53 1171-730, 46:5 
May 28 WA, 5B.O 
June 11 Sy[ssit  (OAIKo 
1892, Mar. 28 IRS BOG 
JENOES AZ 732 49-5 
Mean, 17 1.7320950.5 
Correc. for div. error, — II 
Correc. for temp., — 32 
Corrected mean, 77277 f 
2177''.880 
ike 


Close double. See p. 249. 


8c Temp. 


R 
TOOr, Mar. 16 9337-701 26.5 


May 27 Eee OLO 
June 24 .678 65.0 
Mean, 337-7103 45.8 
Correc. for div. error, Oo 
Correc. for temp., — 35 
Corrected mean, 337-7068 
4282'".855 
8 f Temp. 
R ce) 
TOOT, Mar. T4 S12.370° 27.5 
May 27 -429 46.5 
June 25 433 74:5 
Mean, 512.4107 47.5 
Correc. for div. error, — 35 
Correc. for temp., — 68 
Corrected mean, 512.4004 ‘ 
6498".350 
9¢ Temp. 


R ° 
1301, Mar, 44, 277.077 “22.8 
May 27 7-969 48.5 
June 27 8.010 59.5 


Mean, | 277-9853 43-5 
Correc. for div. error, — 22 
Correc. for temp., —17 


Corrected mean, 277.9814) 


3525""-409 J 


Wf a Temp. 
R fe) 
1891, Apr. 13 362.792 46.0 
May 28 FOOT mG aeO 
June 11 -780 64.0 
1892, Mar. 28 800 40.0 
Apr. 23 “782 50.0 
362.7922 50.6 
+ 10 
189 
362.7863 


4600'.918 


8a Temp. 
fe} 


R 
1891, Mar. 14 306.753 23.0 


May 27 704 45-5 
June 25 794 65-5 
Mean, 306.7704 44.7 
Correc. for div. error, — 12 
Correc. for temp., — 26 
Corrected mean, 306.7666 
3890''.466 ; 
8d Temp. 
R fe} 
1891, Mar. 15 105.901 27.5 
May 27 909 460 
June 25 839 74-5 
105.8830 49.3 
Oo 
5) 
105.8813 ' 
1342””.805 
9a Temp. 


R 

1891, Mar. 14 316.086 23.0 
May 27 O67 47-5 
June 27 .084 60.5 
316 0790 43-7 

Bi 

aot 

ea 
4008.530 


od Temp. 
R fe) 
1891, Mar.14 97-709 22.0 
May 27 -716 49.0 
June 27 718 590 
91-1243 433 

fe) 


=e 
97-7137) 


1239.222 $ 


7 é Temp. 


R 
18gt, Apr. 13 366.026 45.5 


May 28 OO] 53.0 
June 11 -072 64.0 
1892, Mar. 28 -039 40.5 
geek ct) Preee Se) 
366.0418 50.7 
+ II 
366.0359 } 


4642'".130 J 


8b Temp. 

ifee ° 

1891, Mar. 15 425.746 27.5 
May 27 -767 46.0 

June 24 -791 65.0 


425-7080 46.2 
+ 20 
rv) 
seo eaae 
5399” .628 


8e Temp. 
R fe} 
1891, Mar. 14 517.185 21.0 
May 27 -265 46.0 
June 25 Boe 87425 
517.2510 47-2 

a. 

pigaee 
6559"-725 


95 ~~ Temp. 


R 

1891, Mar. 14 484.419 22.5 
May 27 -473 48.0 
June 27 -487 60.0 


484-4597 43-5 
——-2 
eer eS 
484.4565 i 
6143”.960 


ge Temp. 
R fo) 
1891, Mar.14 554.174 22.0 
May 25 -I8I 54.0 
June 27 (235° 58.8 
554-1953 448 
Tee 
bec NE 
554-1769 ) 
7028'".166 J 
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of Temp. 
R ° 
1891,. Mar. 14 503.257 22.0 
» May 25 35S! “54.5 
June 27 399 58.0 
July 31 -360 59.0 
Aug. 6 +323 68.0 
Mean, 503-3314 52-3 
Correc. for div. error, — 23 
Correc. for temp., — III 
Corrected mean, 503.3180 
6383”.165 i 
lod Temp. 
R O° 
Toot). Wiar. 15>" 240,043" 2775 
May 23 -648 47-0 
June 12 684 66.5 
1692, Feb. 13 664 10.5 
Mar. 28 yO FORO 
ANOS il 653 37-0 
Mean, 249-6613 38-4 
Correc. for div. error, — 29 
Correc. fortemp, == + 7 
Corrected mean, 249-6591 
3166.2 a 
it Gf Temp 
R fe) 
1891, Mar. 16 250.417 25.5 
May 23 418 47.0 
June 12 SS Osos 
1892, Feb. 13 429 9.5 
Mar. 24 -395 32:5 
Mean, 250.4208 36.0 
Correc. for div. error, — 29 
Correc. for temp., + 18 
Corrected mean, 250.4257 ; 
3175" 942 
126 Temp. 
R oO 
1891, Mar. 16 298.181 24.0 
May 17 AO 1 30.5 
June 23 £43, 72.5 
Mean, 298.1577 45.0 
Correc. for div. error, — 16 
Correc. for temp., — 27 
Corrected mean, eee! 
27012232 


1891, Mar. 15 
May 23 
June 12 
1892, Feb. 13 
Mar. 28 
Apr. I 


1891, Mar. 16 
May 23 
June 12 
Aug. 6 
1892, Feb. 13 
Mar. 24 


1891, Mar. 16 
May 23 
June 12 
1392, 2¢b, 33 
Mar. 24 


1891, Mar. 16 
May 17 
June 23 


THE FUNDAMENTAL STARS. 


Io a Temp. 
R ie) 
379-250 27-5 

+258 406.5 
-276 67.0 
2AON Kes 
OIE TO 
279 3755 
379-2675 38-5 
ar us 
+ 10 
379-2700 ) 


4809".967 f 


Il@ 
R ° 
403.318 
2559) 
“415 
357 
eoou 
se. 
403-3037 
+ 20 
— II 
ae 
5115/4539 


If 


R 
544.565 
547 
-540 
566 9. 
559 32 
544-5554: 35- 
— 108 


+ 41 
Soe 


6906”’.060 


I2¢ 

R ° 
521-454 
-456 39.0 
208 72-5 
521.4787 
— 52 

te ih 
eee 


6613'".356 


Io ¢ 
. R 
1891, Mar. 15 100.976 
May 23 0.999 
June 12 1.016 
1392, 5 Hebrars 0.982 
Mar. 28 0.993 
END Uh 9.995 
£00-9935 
fo) 
a hes 
100.9938 
1280” 821 
ja BY 
R 
1891, May 23 79.314 
June 12 318 
iQ, IN, 2 304 
Mar. 24 eau 
79-3132 
SP ul 
ses 
79-3135 
1005”.867 
12a 
R 
1891, Mar. 16 430.053 
May 17 O71 
June 23 .064 
430.0627 
+ 20 
430.0607 
5454-104 
12d 
R 
1891, Mar. 16 221.812 
May 17 -780 
June 23 705 
221.7657 
— 28 
DE Jae) 
221.7610 
2812".a1I 


230 


IZ é 


R 
1891, Mar. 16° 349.508 
May 17 520 
June 23 596 


Mean, 349-5413 44- 


Correc. for div. error, + 5 
Correc. for temp., — 29 


Corrected mean, 349-5389 ; 
4432.92 


13 a. 


R 
1891, Mar.17 416.998 
May 17 6.969 
June 25 7.017 
9-035 
i one 
6.996 


Mean, 417-0047 
Correc. for div. error, + 20 
Correc. for temp., + 10 


Corrected mean,- 417.0077 
5 288.563 


146 


R 
1891, Mar. 26 500.120 
May to .I00 


July 10 174 


Mean, 500.1313 
Correc. for div. error, — 18 
Correc. for temp., — 85 


Corrected mean, 500.1210 ; 
6342”.620 


14e 


R 
1891, Mar. 26 477.091 
May 10 .087 
July 10 121 
Mean, 477-0997 
Correc. for div. error, + 5 
Correc. for temp., — 83 


Corrected mean, 477.0919 : 
6050”.560 


12 f 


R 
July 9 497-550 
July 21 533 
Aug. 2 539 


497-5407 
— 16 

— 242 
497-5149 
6309'".569 


13 ¢ 


ER 
Mar. 17 281.947 
May 10 O52 

ely 881 
June 25 838 

353 
835 
Roton 
281.8796 
— ae 
= 
281.8769 


3574 811 


I4c 


R 
1891, Mar.26 300.171 


28. 
May 10 SE7Oh) 64 
July 10 e125. 03; 


300.1570 49.5 
sarin 
3806'.559 


14 f Temp. 
R ° 
1891, Mar. 26 408.690 28.0 
May to -704 59.0 
July to ‘1717 62.0 
408.7237 49.7 

+ 20 


Higa 
ee 
§ 183/439 
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130 


R 
1891, Mar. 17 236.165 
23 

19 

213 

+207 

ss) 

236.2015 


14a Temp. 

Re ° 

1891, Mar. 26 408.370 29.5 
May to 3505520 

July 10 -389 64.0 


408.3697 49.5 
+ 20 


ane 
408.3648 ; 
5178".952 


14d Temp. 
R fe} 
1891, Apr. 13 5-147 46.0 
May 1 632 55.0 
Ses .138 49.0 
17 169 40.5 
5-1465 47.6 

fo) 


66 


peers 
5-1465 ‘ 
65,’.269 


I5@ Temp. 
R fe) 
1891, Mar. 28 477.264 33.5 
May 9 374 59.0 
* july 13 303 69.5 
ATS tIN © aco 

Td 

— 119 

477-3923 

6053”.229 
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15b = Temp. Perc . Isa 


° 


R R 
1997, Mar. 23 337.643 33.5 1891, Mar. 28 525.205 1891, Mar. 29 fic 2 
M O27 253.5 May 9. 228 May 9 282 
674 69-5 July 13 .289 July 13 258 
337-6480 53.8 525.2407 220.2610 
Correc. for div. error, fo) — 60 — 28 
Correc. for temp., — 83 — 130 OF 


Corrected mean, RSS 525-2217 D202516 
4282".004 6660'’.951 2793''.267 


I5f 160 


R : R E 
1891, Mar. 29 303.662 a Mar. 29 450.672 1891, Mar. 29 evan 
May 9 664 : May 9 739 5 May 9 569 
July 13 673 69. July 13 738 68. July 9 574 
1892, Heb, 15 536 
Mar. 24 564 


Mean, 303-6663 56.7. 450.7163 56. 28c. 
Correc. for div. error, — 12 i 8S. Eee 
Correc. for temp., ~ —9gI — 130 — 19 
Corrected mean, eet 450-7051 285.0501 " 


5715/.919 3621'".395 J 


S550) oF 7 


16a : 16e 16 f 


R n R R 
1891, Mar. 29 365.489 ; 239-703 L 527.235 
May 9 556 z .652 : 248 
July 9 +503 03. 725 02. -299 
July 22 553 : - 695 : 336 
1892, Feb. 15 492 : : .629 7 : 258 
Mar. 24 505 : .642 : ; -310 
Mean, 365.5163 239-6743 527-2810 
Correc. for div. error, + 11 — 30 — 64 
Correc. for temp., — 47 — 30 : — 38 
Corrected mean, 365-5127 239.6683 527.2708 


4635-495 3039-511 6686.9 39 


Temp. . 17 de Temp. 
a R ° 
1891, Mar. 28 : 23.5 : : 26) (5 Uleben 2765 
Apr. 29 . 46.0 : : : 20 -145 46.0 
July x1 é 62.0 < 7 II 7 AmEO2.0 
ESO2,.8E CU. D7 = ° LES As ay | .091) -IE.3 
Mar. 24° : 33-5 : . 24 -I50 34.0 
ND Be . 48.0 ; : 23 -TI2 49.0 
Mean, 98.6677 39-1 : 511.1288 38.3 
Correc. for div. error, fe) — 34 
Correc. for temp., 18 cess 
Corrected mean, | 98.6679 } 511-1269 ) 
L251(.293 4581”.168 6482'.199 J 


BS: 


18 a 


R 
1891, Mar. 29 506.498 
Apr. 29 524 
elvan sg But 
Mean, 506.5177 
Correc. for div. error, — 27 
Correc. for temp., rey 
Corrected mean, 


6423''.615 


3d 


R 
99.180 
.162 


.098 
99-1467 
° 


1891, Mar. 29 
Apr... 29 
July x1 
Mean, 
Correc. for div. error, 
Correc. for temp., 


Corrected mean, 
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Temp. 
° 
42.0 
42.0 
61.0 


48.3 


506 ee 


Temp. 
41.0 
42.5 
60.0 


478 


99-1453 ) 


12577.378 J 


19a 
R 
530.107 


.104 


1891, Mar. 30 
Apr. 29 

July 21 105 
Mean, 530-1053 
Correc. for div. error, — 70 
Correc. for temp., — 11! 


Corrected mean, 
6722".657 


19 a 


R - 
135-567 
572 


1891, Mar. 30 
Apr. 26 

Joly 21 559 

Mean, 135-5057 
Correc. for div. error, — 3 
Correc. for temp., — 29 


Corrected mean, 
1719-227 


20 a 


R 
533-658 
671 
.710 
.604 


533-6607 


1891, Mar. ’ 
Apr. 
July 
1892, Feb. 
Mean, 
Correc. for div. error, 


Correc. for temp, 
Corrected mean, 533-6518 


6767” .863 


530.0872 


135-5625 


Temp. 
40.5 
43-0 
7155 
51-7 


18 0 


R 
554-311 


Tod 
85 


1891, Mar. 29 
Apr. 29 
July 11 


Temp. 


[e) 


42.0 
42.0 
eos 


554-8177 48.2 


£74 KO) 
— 82 


554-7955 ) 


7036”.o11 J 


18 é€ 


R 
1891, Mar. 29 428.841 
Apr. 29 847 
July 11 895 
428.8610 
+ 20 


— 60 


428.8570) 


5438”.838 § 
19 6 
R 
1891, Mar. 30 516.515 
Apr: 29 465 
ulyazie 532 
516.5040 


— 108 


516.4890 
6550.202 


19 ¢ 


R 
1891, Mar. 30 357.512 
Apr. 26 522 
July 21 553 
357-5290 
Ee 


is 
B57 5224 
4534-159 


20 C 


R 

1SO1, Apt. 4 © 2750622 
Sie? © .609 

July 16 594 
1892, Feb. 17 607 
271.6082 

atin 

271.6060 


3444'".554 


Temp. 


° 


40.5 
43-0 
60.0 


Gs 


Temp. 


40.0 
43-5 
TES 
51.7 


8c 


R 

1891, Mar. 29 328.565 

Apr. 29 -588 

July 11 -664 
328.6057 

— 4 

ants 
ee oe 

4167".368 


LOA 

R fe} 
310.506 40.0 
-489 43.0 
516 59.5 
SOS O ST. al 45 


ati | 
43 
310.4983 
3937-793 


Temp. 


1891, Mar. 29 
Apr. 29 
July 11 


19 ¢ 
R 
399-930 
“927 
953 
399-9367 
+ 20 
— 82 
. 399-9305 
5071”.987 


1891, Mar. 30 
Apr. 29 
July 21 


19f 


R 
Mar. 30 298.326 
Apr. 26 -342 
July 21 382 
298.3500 
— 16 
——\02 
298.3422 
3783 .627 


20 ad 


R 
~ 30 144.919 
au 908 
16 950 
17 -890 
144.9168 
a5 
es 
144.9160 
1837”.850 


20 @ 


R 
1891, Mar. 30 494.355 

Apr. 26 +349 

July 17 395 
1892, Feb. 17 305 


Mean, 494.3510 
Correc. for div. error, — 13 


Correc. for temp., — 4 
Corrected mean, 494-3493 
6269'.422 


21d 


R 
1oQt,aipr. § 227.903 
fee 873 
July 21 928 
roge, Keb. 16 949 
Mar. 21 907 
Mean, 227.9120 
Correc. for div. error, — 29 
Correc. for temp., +21 
Corrected mean, 227.9112 


2890'’.409 


22d 


R 
1891, Apr. 398.257 

* 238 

July 278 

1892, Feb. 230 

Mar. -270 

Apr. 261 
Mean, 393.2557 
Correc. for div. error, + 20 
Correc. for temp., “123 
Corrected mean, 398.2600 


5050” .801 


23 a 
R 
450-450 
458 
398 
481 
471 


450-4516 
Correc. for div. error, + 18 
Correc. for temp., + 10 


Corrected mean, 450.4544 
5712'.740 


cue) 
68.5 
26.5 


21.5 
ee 


367 


20 f 
R 
gO 300.521 
26 525 
7; 564 
Ly -540 


399-5375 
—— Pe 
300.5358 
3811'.446 


21 é@ 


R 
451.040 
.064 
.080 
-062 
.TI4 
451.0720 
+ 18 
a3 


451.0773 


5720°.639 


22 @é 


R 
130.981 
.982 
992 
5075 


975 
.980 


130.9808 : 


man 
meal 
130.9812 
1661.1 26 


23 € 


R 
84.428 
.460 
423 
434 
449 
445 


84.4398 
+ 1 
2aeisS 
84-4404 
10707.888 


R 
5 355-288 
26 .289 


13 eee 


. 16 “2A 
- 21 287 


355-2872 


355-2905 
4505-855 


197.6144 


— 22 
eae 
197.6141 

2506.176 


22 f 


R 
4 286.516 
24 527 
NG) 541 


Bake 539 


Bei! 
528 
280.5313 
— 20 
La 
286.5307 


3633-831 


23 f 
R 
335:447 
502 
471 
518 
454 
“445 
qs sot 
335-4783 
aE 


sp UG: 
335°4792 
4254.605 


2 


234 
24¢ Temp. 
R ; 
1891, Apr. 6 476.147 29.0 
a 202." 7150145. 
July 17 .20L 67.0 
1892, Feb. 18 428 26.0 
Mar. 20 166.2350 
Mean, 476.1640 38.0 
Correc. for div. error, + 6 
Correc. for temp., +17 
Corrected mean, 476.1663 
6038.8 22 
24 f Temp. 
R fe} 
1SOL spt (5. (87-298. (31:0 
ier) 2G 4a e450 
July 17 +307 67.0 
1892, Feb. 18 .286 26.0 
Mar. 20 .286 24.0 
Mean, 81.2982 38.6 
Correc. for div. error, + 1 
Correc. for temp., + 2 
Corrected mean, 81.2985 i 
1031”.041 
25h Temp. 
R ° 
qt, Apt. 16 90.882 20:0 
he, i) 2055 52:0 
July 22 837 65.0 
1892, Mar. 5 O22 (23.5 
EI bX) SRS BES 
Apt. 3 832 61.5 
Mean, 90.8443 43-5 
Correc. for div. error, ° 
Correc. for temp., — 6 
Corrected mean, 90.8437 
hohe 
891, Apr. 6 
ce 13 
July 23 
1892, Mar. 5 
6“ 20 
Mean, 


Correc. for div. error, 
Correc. for temp., 


Corrected mean, 


24a Temp. 
R ° 
1891, Apr. 6 329.822 9 31:0 
ame.) B27 ae 45. 
July 17 .364 67.0 
1892, Feb. 18 .332° 26.0 
Mar. 20 354 23-5 
328.3398 38.5 
me 
9 
eee 
4164”".069 
25a Temp. 
R ° 
1891, Apr. 6 405.589 29.0 
pee aes 621 51.0 
July 22 Ors - 6535 
Aug. 6 631 680 
1892, Mar. 5 607 285 
OSS 594 24.5 
Dron 3 619° 61.5 
405-6094 46.9 
ap BO 
ee 
5143"-970 
26¢ Temp. 
‘ R Oo 
189%, Apt. “Gy b2s.211, 20:5 
eS re. 22 54 ALO 
July 23 253 65.0 
1892, Mar. 5 +200 29.0 
20 216 425.0 
528.2190 38.5 
— 66 
+14 
Behera 
6698’".898 
26¢ Temp. 
R ° : 
415.983 29.5 1891, Apr. 
6.030 45.0 a 
6.092 64.0 May 
5-991 29.0 us 
5-990 25.5 July 
1892, Mar. 
66 
Givens 486 
eZ.O 
+ 10 
ae 
5276".039 


CLUSTER IN COMA BERENICES. 


6 


24.¢ 
R 
1891, Apr. 5 392.865 
120 884 
July 17 934 
1892, Feb. 18 926 
Mar. 20 868 
392.8954 
+ 18 
+411 
392-8983 
4982”".805 
25 
R 
1891, Apr. 6 327.739 
Sia) ‘745 
July 22 -769 
1892, Mar. 5 786 
OS 26 -766 
Apr. 3 ‘775 
327-7033 
eet 
; — 18 
327-7611 
4156".722 
26a 
R 
1891, Apr. 6 398.634 
me Gigs! .652 
July 23 707 
1892, Mar. 5 632 
pee 620 
398.6490 
ak 
eo 
398.6519 
5055°-772 
26 f Temp. 
R [e) 
11.468 29.5 
-458 45.0 
-456 55.0 
469 49.0 
481 68.5 
ASI 29.0 
487 26.0 
11.4671 43.1 
fe) 
fo) 
11.4671 


Temp. 
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§ 6. INVESTIGATION OF THE EFFECT OF TEMPERATURE. 


An inspection of the individual distance observations reveals an unmistakable evidence 
of temperature effect, to the correction for which reference has already been made. As a rule, 
any distance was observed greater the higher the temperature. To determine the amount of 
this correction the sum of all, the measured distances for any star (& s), for a given night, was 
formed, together with the mean temperature at the time the observations were made. The 
results thus derived are brought together in the following table, in which are also given the 
sum of the measures of the fundamental stars coupled with those of the zone 4—D, which 
were observed near the same date and at about the same temperature (denoted by /7),and the 
sum of the distances in the zone m-¢ (denoted by Z). 


2S Pn 
R R 
1279.655 1242.047 1199-054 
“194 ee 2059. 
764 eh: 193 
-698 099 5O72 
629 . “115 -T12 


zs E wets Sas : zs 


R R 
5 2259.765 1820.954 
9 804 0.985 
10 .91o 1.069 
0.917 


Ss) : ac 3G . * 9 SEs 


R R R 
13 1368.424 15 2205.656 14 .2233.622: 
28 +430 27 886 25 724 
II 478 25 838 27 -929 
28 +397 
Sede) 459 


* IO =s * * IT S75) : * 12 Ss 


R R -R 
~1§ 729.370 23 1277615 Mar. 16 1821.008 
23 905 12 -748 May 17 0.976 
12 976 13 658 June 23 1.034 
13 836 24 665 
970 : (Omitting 12 /) 
927 


ATA, Ss : aa15 SS 


R R 
935-110 Mar. 26 2094.442 Mar. 29 2314.689 
.083 May Io .420 May 9 -QI4 
053 July 10 582 July 13 935 
IOI 
055 (Omitting 14d.) 
.080 
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* 16 2S Temp. Py 25 Temp. #18 25 Temp. 
R ° Rie ° i R ° 
1891, Mar. 29 1417.954 43 1891, Mar.27 971.026 29 1891, Mar. 29 2228.401 41 
May 9 8.025 55 Apr. 29 1.056 46 Apr. 29 5307-842 
July 9 8.Iol 63 July 11 1.079 62 July 11 -589 60 
1892, Feb. 15 7-915 23 1892, Feb. 17 0.960 II 
Mar. 24 8.021 33 Mar. 24 1-02! 34 
: Apr. 23 0.999 48 
* 19 Say Temp. * 20 es) Temp. * 21 = S Temp. 
R ° R ° R ° 
1891, Mar. 30 2237.957 39 1891, Mar. 30 1745.076 35 1891; . Apt. S° 1231:833 538 
Apr. 27 7.932 45 Apr. 26 5-062 46 Apr. 25, 1.856 42 
July 21 8.083 71 July 16 5213 5109 July 16 2.003 70 
P1092, elebect 7 4.946 II 1892, Feb. 16 T5020 13 
Mar. 21 1.374.025 
* 22 =s Temp. 28 =s Temp. * 24 =s Temp. 
R ° R ° R ° 
P3Ol-apr 599 S1s.754 330 1891, Apr. 24 870.381 41 1891,. Apts 05, gi? 7o-03 2uesn 
Apr. 24 “747 “AO July 20 -399 66 Apr. 20 “73. GAS 
July 17 811 68 1892, Feb. 18 .286 26 July 17 806 67 
1892, Feb. 18 744 26 Mar.20 3 3757.23 1892, Feb. 18 672 26 
Mar. 21 Wo2 22 Apr. 1 427 306 Mar. 20 664 ‘23 
yoo) cu | -769 636 
*725 25 Temp. ZA Temp. LT Temp. 
R c R 2 R ° 
Zogr, Apr. 6 824.210 26 1892, Apr. 10 1955.279 33 1891, Feb. 22 
Apr. 19 AOL esi Apr. 11 200" 32 Feb.. 23 +6074 513 23 
July 22 opr OE Apr. 15 2420 Mar. 1 
1892, Mar. 5 Buk 8 Apr. 16 303. 37 Mar. 18 
Mar. 20 S135. <25 Apr. 19 362 44 Mar. 25 ‘ 4-729 » 32 
Api 3 226) 6% Apr. 24 304 43 Apr. 6 
Apr. 26 330 48 Apr. 7 t 4.640 31 
, May 1 
* 26 aS Temp. ; May S - 4-735 49 
: R ° May 31 
189gI, Apr. 6 1342.828 29 June a 4.881 54 
ADE. 13 2.897 44 July 4 
July 23 3.052 65 Jules 4-959 64 
1892, Mar. 5 2.523 20 July 9 
Mar. 20 2.820 25 July 27 
ul I k 6 
(Omitting 26) a : ae 
1892, Jan. 25 
Jan. a 4.646 19 
Mar. 7 
Mar. ut 4.649 35 
Mar. 30 
Mar. 31 4.847 37 


The distances 12 fand 26 f have been omitted because observed on different dates from 
the other distances; 14d, for the same reason, and because it was observed in a different 
manner. 


ra 
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Equations of condition were then written of the form, 


where & 59 
yy = 
ot — 
i 
4 — 


The resulting equations in y derived from these equations of condition, 
x have been eliminated from the normals, are brought together thus: — 


wg | ESE tes 
oa @ Uae 
Pele TO.aues — 
4 89 = 
*5 252 = 
MVOy, (Neg es 
1 AA OS 
Sess. GENES i 
ege oto. = 


Adding all these 


y = the effect per rooo* for an increase of 1° in temperature. 


R 
+ 0.0265 


+ 0.0143 
+ 0.0313 
+ 0.0278 
+ 0.0286 
+ 0.0344 
+ o.o1o1 
+ 0.0396 
+ 0.0540 


2 +e+ 4-4) vy = ISH 


x * * * KK * & K 


15 
16 
17 
18 


equations we have 


545-8 y 


whence 


ad 


66 


(79 


temperature at time of observation, 


R 
12-0) 1— 1 0.0307, 
21.4 7 = + 0.0208 
22.6 == + 0.0090 
WHS = = Oxon 
13.8 = + 0.0171 
ike Sas | OLOAO 
14.8 = + 0.0380 
93 SS Se @Xelatoysl 
49 = + 0.0251 
R 
= + 019762, 
R 
—/ 1) 0.00870 


an assumed sum of the distances for any star, 
observed 
the correction to } s at temperature 40° F, 
temperature 40°, 


66 


saG) 
oO 
20 
* 22 
* 93 
* 04 
* 20 
* 26 

a 


13:6, 


30.6 
24.2 
12.2 
12.0 
19.6 
13.2 
14.8 

3-9 


LT NIZO.E 


R 
+ 0.00065. 


after the terms 


R 
+ 0.0142 


+ 0.0768 
+ 0.0481 
+ 0.0142 
+ 0.0152 
+ 0.0516 
+ 0.0093 
+ 0.0642 
+ 0.0109 
+ 0.2107 


This is the value that has been introduced as a correction in all the preceding observations. 


The probable error of a single observation uncorrected for the temperature effect and for 


the division errors of the scales as compared with that derived from the observations thus 


corrected is: — 


From uncorrected observations 7 = + 07.219 
tat 0.1094. 


“ corrected 


66 


§ 7. First ADJUSTMENT OF MEASURES FROM THE FUNDAMENTAL STARS. 


SINCE many of the places derived from the star catalogues for the stars 1 to 26 were not 


sufficiently accurate to serve as a satisfactory basis for an adjustment, I made for each star a 


trigonometrical determination based upon its distances from the two most favorably situated 


of the fundamental stars. 
ordinates for 1892.0. 


A preliminary solution then gave the following approximate co- 
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Star. R, A. Decl. Star. RevAs Decl. 

I 183 5 55-90 + 26 10 17.40 14 164. 16 125.00 <-26, 92580530-40 
2 183 18 35.80 26 47 18.40 15 184 17 16:50 2 ato Se LO.OO 
3 To4—— 23 49.50 26 36 29.50 16 184 18 27.90 29 42 = 57,10 
4 OOM (elle 25 330) 37.20 17 184 30 59.10 PA RE Boy 
5 Ooms 6.90 AQ AD Bed) 18 134 30-- 33:60 209827 0.20 
6 183. 43 29.20 27, 13> (19:60 19 184° 43 21.90 26 “Airc 7o.50 
jj 183 48 44.40 2 39 24.70 20 TOMAS ee 3370 20 LOmmny 2200 
8 E83 51 go 36° 31 333.56 21 185 8 46.00 26 16 48.40 
9 183. 54 40.40 26 I9 12.30 22 1365 23° 40-50 Dp PAS BISAKO) 
10 183 54 41.60 PX tae yD Ae Xe) 23 TOS ee AES OO 27 = 37 48.50 
II 184 fe) 7 rks 25 BE ARO 24 ISS" 33, 934,00) “| 26085 4018 236.00 
12 184 4 36.80 Df WD PX GS 25 res 43.) 297°50 26 49 ©@628.30 
13 184 ] SOHC Dp Gk ARO 26 TOE. 950. -13,20 26 29 49.40 


Computing now the distances of each star from the fundamental stars, and comparing the 
results with the observations, I obtain the necessary equations of condition. for the corrections 
ax and y to the assumed positions of the various stars. In forming the normals I have given 
each equation of condition equal weight. The normals thus derived were solved first on the 
supposition that there was a term 2, the coefficient of which is 1000"/s, s being the distance 
expressed in seconds. As has been pointed out by Dr. Git in The Triangulation of the Vie- 
tortia Comparison Stars, and by Dr. Ekin in his Polar Triangulation, the heliometer obser- 
vations of the various observers all seem to be affected by systematic errors, the principal 
term of which varies inversely as the distance, this probably being chiefly due to the curvature 
of the paths traversed by the images as they are being swung through each other in making 
the observation. The value here derived for this quantity was 


z = +07.00397, 2 

which result was largely determined by the single small distance 26 £ and hence is hardly 
deserving of much confidence; but in any case so small a value would seem to indicate that 
in this work at least such a term has no real existence. However this may be, all the dis- 
tances except 26 fand 14, the latter of which was observed as a double star, are so large 
that its effect need not be applied. Accordingly the solutions to be hereafter given have 
been made neglecting the value of z; but to show what might be its effect on the values 
of the other unknowns, the term in 2 has been retained. 

The results of the first solution will be found, together with those of a second one, which 
will be explained shortly, on pp. 242-249, where are given the equations of condition, the 
normals derived from these equations, and their solution. The terms z are the observed 
distances minus those computed from the above assumed positions; the terms wv are the re- 
siduals obtained from substituting the values derived from this first solution, a, and 4, in the 


equations of condition. 
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§ 8. SrconpD DETERMINATION OF PLACES OF THE FUNDAMENTAL STARS. 


THE positions of the stars resulting from this first solution cannot be regarded as definitive, 
for we have not made use of all the available data for determining our fundamental points, a 
second system for these being derivable from the stars themselves; furthermore, an inspection 
of the residuals makes it apparent that a more satisfactory adjustment of the fundamental stars 
is possible. Accordingly, I have assumed the places of the stars 1-26 to be fixed as given by 
the first solution, and have formed equations of‘ condition for the required corrections to the 
assumed positions of the fundamental stars. These equations of condition, which can readily 
be deduced from those of the numbered stars together with the term v, have been assigned 
weights depending on the number of observations and the brightness of the stars. 

From a classification according to star magnitude of the residuals derived from the obser- 
vations compared zzder se and those obtained from the first solution, the following probable 
errors for a single observation were found, of which the mean was considered to be a sufh- 
cient approximation for the present purpose. 


Magnitude 7-5 and brighter. 


” 


Prob. error from Observations EE 0.167, 


“ “ 1st Solution “2, 0.287 


WLCAI ce. ot lets *e = 10.227 


Proportional Weights . . . 1.00 


The equations of condition being assigned weights according to this table reduce to the 
following normals, to which are appended the results of their solution. 


240 CLUSTER IN COMA BERENICES. 


a” ” mo ” 


Stara + 6.503% + 0.440 y — 2.184 2 = + 0.908 x, = +0.141 £ 0.030 Wt. 6.43 or + 0.050 Wt. 2.35 
+ 0.440 + 2.754 + 0.089 = + 0.000 ¥, = — 9.022 £ 0.047 “2.72 Of t 0.0559 2.01 
— 2.184 + 0.089 + 0.945 = — 0.294 pv v = 0.2507 

Star’ + 2722%— 2.147 y — 1.131 2 = — 0.399 x, = —0.112 + 0.057 Wt. 1.81 or + 0.069 Wt. 1.21 
— 2.147 +5050 + 1.366 = + 0.459 Py = + 0,043 40.042 3:35 Ola c.05n 52.35 
— 1131 + 1.366 +0601 = + 0.127 Sp uy = 0.2002 

Starc + 3.932% —1.396y + 0.5502 = — 0.423 _ x, = — 0,109 2 0.040 Wt. 3-70 
— 1.396 + 8.332 — 2.572 = + 0.114 Jy; = — 0.005 01025. 7:54 
+0550 —2.572 + 2.636 = -+ 0.062 PTY = 0.3133 

Star d + 7.637 x + 0.728 y + 0.136 2 = — 0.049 %q = — 0.002'+ 0.028 Wt. 7.57 or + 0.049 Wt. 2.48 
+0728 + 8.450 —0.365 = — 0.379 Ja = — 0-045 = .0.029" “ °3.23 “OF 6.030 4-05 
+ 0.136 —0.365 + 2.301 = — 0.096 SPUY = 02034 

Stare + 3.733% + 0.669 y + 0.321 2 = — 0.102 x, = — 0.013 £ 0.040 Wt. 3.67 or + 0.057 Wt. 1.84 
+ 0.669 + 7.015 + 2.424 = — 0.569 Je = — 0.080 +0029 “ 6.89 -0r 07040. “3:73 
+ 0.321 + 2.424 + 1.445 = — 0.262 2Ppvuvy =0.1975 

Starf + 6.204% — 0.085 y + 7.1352 = + 0.132 X= + 0.023 =) 0.039 Wt. 6.20) of -E1o.c5rewWt. 2.31 
—o.085 + 3.884 + 0.848 = + 0.402 Jp + 0.104-- 0.039" ~ 3.88. or + 0.048. “= 2.60 
+ 7.135 +0848 + 42.292 = + 0.717 SPU =O.1772 


Sum of the terms Sfuvyv = 1.3423 


Probable error for weight 1, 7 = 0.674 4/ que + 07.077. 
15—12 


I 


The second series of probable errors and weights above given are those that result from 
assuming the place of star ¢ to be fixed, as given by the meridian observations. 

The corrections above found when applied to the assumed positions of the stars, those for 
¢ being applied to each with reverse sign, give the following co-ordinates, along side of which 
for comparison are given simply the seconds of the places derived from the solution of the 
fundamental stars by themselves, our first system. 


R. A. Decl. 

Star. 2d System 1st System 2d System. 1st System. 
a 182 40 I0.54 10.20 +20) “21? 928.62) 533.64 
b 193 11 “XO47. 110-47 27° 54 “0:09” ore? 
c TOae- Et 4077 06.97 2 aen? 20220 DE Oe 
ad TOA 2765 9.22008 s0,00 26 26 43.27 743.20 
é TOG. 15> 4O.5O. O49 27° 51 56.18 50.25 
ip 185 52 46.42 46.29 26 300 937.80 637.77 
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If we compare the average weights of a co-ordinate and probable errors for weight unity 
as deduced from the two solutions, viz., 


For solution from all the stars, 2d System, Wt =="2,62,. Probserror Wt. tv", 0,077; 


6c 66 


I 

H 
9 

S 
Zs 


eS of fundamental stars alone, 1st System, Wt. = 0.580, 


we find the average probable error of a co-ordinate to be 


For 2d System, + 0.047, 
nome S Camere + 0.084. 


Hence the places determined from .all the stars should be given about weight 3 as 
compared with those determined by a solution of the fundamental stars by themselves. Com- 
bining thus the two sets of values, I have for the finally adopted co-ordinates of the funda- 
mental stars the following : — 


* 


final Co-ordinates of the Fundamental Stars. 


Star. R. A, Decl. 
a 182 40 10.48 +26 21 38.62 
b EO30 2b) 10:47 27 54 0.06 
iB TOA? ati 260.77 Been 2) 22.02 
ad 184 16 9.19 267 26 43.28 
2 18575 0.56 27a ht 250.20 
of OSes 2. 40.30 26) 30" 37.55; 


For finding the probable errors of these final places I have formed the residuals between 
them and the positions given by the two separate methods. These, multiplied by the proper 


weight 3 or 1, as the case may be, squared and added, give 
SP vv = 0.0756; 


whence the probable error of a co-ordinate of weight 1 is 


r= 0.674 Y es 2725.01 ,0988; 


and the probable error of a final co-ordinate of weight 4 would therefore be 


r= +07.0294 


if each star were determined with the same accuracy. This is not the case, however, and for 
deriving approximately the relative weights for each co-ordinate I have divided the several 
weights in each system by the average weight of all for the system, and then have combined 
these two sets of relative weights in the same ratio 1: 3 as was taken for the co-ordinates 


themselves. These values are: — 
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Wt. for x Wt. for x Adopted Wt. Wt. for y Wt. for y Adopted Wt. 
by rst System. by 2d System. for! 2. by 1st System. by 2d System. for y. 


1.130 0.871 0.770 0.80 


0.396 1.032 0.897 0.93 
1.030 2.260 1.543 ig] 2 
0405 . 1.018 1.422 1.32 
1.040 0.810 0.990 0.95 


Taking then the value + 0.0294 and these weights and dividing by cos 6 to get the prob- 
able error in R. A. we find the final co-ordinates to be affected by the following probable 


CEEOLS a 


Prob. Errorin R. A. Prob. Error in Decl. 


wr ” 


=k 0.032 + 0.033 


+ 0.046 sen. O2°E 
+ 0.032 = 0,022 
+ 0.039 += 0.026 
aE CLORXx + 0.030 


§ 9. SECOND AND FinaL ADJUSTMENT OF THE MEasurES. 


Usine the above final system of fundamental points we have the terms x, in the equa- 
tions of condition below, which are the observed minus the computed distances from this new 
system, while z, is the residual obtained from the substitution in the equations of condition of 
x, and y,, the corrections to the assumed places of the stars, derived from this second solution. 


Equations of Condition. Residuals. 
#*1 ny Ne VY V2 
a, + 0.804% — 0.442 y + 0.648 2 = — 0.319 or — 0.161 — 0.192 — 0.106 
6, — .040 — .996 + «161 + .112 “ + .072 ++ .008 + .089 [vv], = 0.0703 
6 =— 4098 + 631 ++ 1220 + .068 “+ .068 — .040 + .016 
d, — 867 — .253 + .256 — .007 “ — .o71 — .149 — 116 [oa)=to-0se9 
LVormals. Solution. 
+ 1.887 « — 0.537y + 0.1412 = — 0.301 or — 0.118 % = —o0161 # = —0.057—0.022 Wt. 1.41 
— 0.537 +1.649 — 0.372 + 0.074 “ + 0.062 J1 = — 0.007. Jee -p 0.019 -+ 0.222 > “F “a.c6 


+0141 —0372 + 0.559 — 0.176 


*2 


+ 0.717 « +.0.598 y + 0.389 2 = — 0.148 or — 0.018 
+ .087 — .995 + .249 =a 2500 =) 250 
Lie cy Sala ee + .045 “ + 045 
— .630 + .378 + .301 + .026 “ — .047 
LVormals. 
+ 1.402% — 0.350 y — 0.0192 = — 0.166 or — 0.016 Lh me 
—89.350 “152.250 =} 10.239 + 0.170 “ + 0.260 a 
—oo1g +0.238 + 0.331 — 0.094 
Lquations of Condition. 
=3 
+ 0.837% + 0.355 7 + 0.3992 = — 0.196 or — 0.041 
+ .128 —/.990 +A .213 — .064 “ — .104 
— 448 + .867 + .195 + .300 “ + .300 
— 676 + .205 + .348 — .o5o0 “ — .124 
LVormals. 
+ 1.685 x — 0.397 y — 0.032 2 = — 0.262 or — 0.073 ai 
—0:307 = 1-900- = 0.171 -- 0.243.“ = 0.323 n= 
— 0.032 +0171 + 01363 — 0.051 
7 Lquations of Condition. 
*4 
+ 0.638 « — 0.705 y + 0280% = — 0.151 Or — 0.023 
— .828 + .398 + .384 + .o41 “ + .o4t 
ON 7 BE Fe 259 + .o60 “ + .026 
Lormals. 
+ 1.469 * — 0.331 y — 0.299 2 = — 0.167 or — 0.065 a = 
— 0.331 +1.189 — 0.234 + 0.078 “ + 0.013 Nee 
— 0.299 — 0.234 + 0.294 — 0.010 
Equations of Condition. 
*5 
+ 0.867 « + 0.247 y + 0.2872 = — 0.083 or + 0.080 
+ .304- — .940 + .201 9-04 3) <° a OOK 
,— -2920—« 946 + .214 — O54 *=1..054 
= 553 cr GOL ++. 540 120 = On? 
= 652- — “651 + .149 ==") COIN eh, £08 
— 6-393, +7047 4: 144 is 010 tees aS 
LVormals. 
+ 2.879 x — 0.201 y — 0.4402 = — 0.020 or + 0.259 a 
= 0.201 + 2:297 ~~ +-.0.152 + 0.128 “ -+ 0.087 n= 
=—10:440 — = 0.152) + 0.504 — 0.011 


FINAL ADJUSTMENT OF THE 


Liquations of Condition. 


MEASURES. 243 
Residuals, 
oh of 
— 0.109 — 0.102 
— .I41 — 34, [0 on 70.0402 
— .052 — .O051 
— .082 — 076 [vu Dlg ==-0.0368 
Solution. 
— 0.104 x#,= + 0,018 —o.o1z Wt. 1.35 
+ 0.060 j2,= +0.118—o.102 “ 2.16 
Residuals. 
—O.121 — 0.098 
+ .052 + -063 [vv], = 0.0752 
Ten 54! =f el 2 
eros — 162 [vv], =0.0629 
Solution. 
— 0.132 %= — 0,003 —0.01z Wt. 1.60 
+0.100 3,= + 0.169—O0.10% -“ 1.31 
Residuals. 
— 0.058 +0004 [vv], = 0.0076 
—= 06% + .005 
+ 023 — .0o2 [vv]z = 0.0000 
Solution. 
— 0.105 #,= — 0.045 + 0.222 Wt. 1.37 
+0.037 35 = — 0.002 - 0.292. “SS 41-15 
Residuals. 
— 0.093 — 0.024 
+ .008 — .029 
— .105 — .107 [vv], = 0.0553 
+ .107 + .108 
— .147 — .o71 [vvj, = 0.0319 
— O51 — .049 
Solution. 
— 0.003 % = +0096 + 0.15 2 Wt. 2.86 
+ 0.053 “Ye = +0.086—o0.052 “ 2.38 


CLUSTER IN COMA BERENICES. 


Equations of Condition. 


Wy Hog 


” wr 


a, + 0.659% +0675y + 0.218 =+ 0.182 or + 0.300 


244 

* 6 
b, + 
a — 
d, — 
Q. — 
ais 

ae laf 
Qa, we 
b, + 
d, — 
eG; — 
ale 
+ 

*8 
a, + 
b, + 
Gs — 
a, —- 
é, — 
hs Ses 
ee 

* 9 
a, + 
6, + 
“4, — 
d, — 
G — 
Ss = 
oe 
a 


.510 
-197 


473 
.800 


0.222 


0.005 


0.550% 
810 
.283 


873 


1.800% 
0.019 
0.215 


0.885 x 
-356 
220 
874 
.602 


895 


2.886 x 


0.157 
0.639 


0 896 x 
336 
.229 
834 


543 
890 


ey tt te 
0.265 
0.678 


2010) tS 5 
+ .976 + +147 
+ “5438 5303 
— .430 + .185 
LVormals. 
— 0.222 y — 0.005% = 
+2982 + 0.197 
+ 0.197 + 0.307 


Lequations of Condition. 


+ 0.786 y + 0.168 2 

= HOP Se ofllxe) 

-—- .948 - .217 

— .162 + .215 
Normals. 

— 0.019 y + 0.275 2 

+ 1.705 + 0.118 


+ 0.118 + 0.331 


Lequations of Condition. 


SP OUR ae CHHRy & 


et eel 85 
+ .969 + .233 
= 216-4 .7A4 
— .736 + .152 
+ .008 + .154 
LVormals. 
— 0.1577 — 0.639 2 
ap 2oReO) ae @si7iG 
a7 Ch Se OG/SS 


Equations of Condition. 


= CORN) 3p OMSOR = 

— 926 + .163 

+ .967 + .284 

— .364 + .808 

= W/O ap oiZie 

= SNOW se oly 
LVormats. 


+ 0.265 y — 0.6782 = 


+ 2.563 — 0.309 
— 0.309 . + 0.868 


— .243 “ — .276 
— .229 “ — .220 
—+ .223 “+ .168 
+ .054 “ + 019 


n ” 


— 0.108 or + 0.007 
+ 0.264 “ + 0.338 
+ 0.003 


” ow 


— 0.012 or + 0.084 
056)“ --  <040 
+ .131 “ + .089 
+ .140 “ + .087 


” ” 


— 0.122 Or — 0.023 
+0070 * + 0.120 
+ 0.082 


” ” 


— 0.016 or + 0.150 


“Er 3330) i etaa293 
+ 386 © = 2386 
OO le e073 
— 290 ““— .295 
+ .207 “ + 118 


” wr 


+ 0.007 or + 0.288 


+ 0.285 “ + 0.330 
+ 0.136 

0312 TOls-|10.040 
"120; "eel 683 
— .orrt “* — .orr 
— .228 “ — .288 
= 550,“ ==. 7548 
“E248 © = 50 


+ 0.204 or + 0.480 
+ 0.374 “ + 0.433 
— 0.237 


wa 


aA 


Shi 


IM 


Residuals. 
Vy Uo 
+ 0.162 + 0.210 
— 145 — «192 [vv], = 0.1688 
memo 2 => SY 
ae Ae + .080 [vv], = 0.2081 
+ .045 + 0.84 
Solution. 
= —0.056 %, = +0.0z20+ 0002 Wt. 1.58° 
=+0.084 ye = +0115 —0.072 “ 2.95 
Residuals. 
— 0.008 + 0.036 
+ .124 +2045. vii, = 6.0202 
ap dOW/S +5 -020 
+ .ogo + .087 [vv], = 0.0154 
Solution. 
= —0.064 %*#, = —o.012 —0.122 Wt. 1.80 
St Gp OHO MOL Why = Gm COV) — Oy TLIO 
Residuals. 
— 0.042 = 0.032 
+ .436 + .388 [vv], = 0.3508 
272 + .269 
— 017 — .009 [vv], = 0.2849 
— .197 — .123 
+ 214 ++ .214 
Solution. 


” 


+ 0.009 X= 


” 


+ 0.108 + 0.222 Wt. 2.88 


= +0120 ye = +0.146—0.052 “ 2.38 
Residuals. 
— 0.124 — 0.088 
Sp sORe = Oly 
— .132 — «121 [vv], = 0.3669 
— .126 — .099 
— .406 =. 1.340. 10-1] 9 "0.3715 
+ .317 + .308 
Solution. 
= +0061 #,= + 0.160+0.242 Wt. 2.72 


J2 = + 01153 + o.10s- 


2.54 


FINAL ADJUSTMENT OF THE MEASURES. 


Equations of Condition. 


* 10 
a, +0.751e —o.ssoy + 0.2082 = 
6 — 634" -— 9712 -+ 780 
Gd; = 233% = 1931 + .316 
LVormals. 
+ 1.076% + 0.5577 — 0.444% = 
— 0.557 + 1.676 . + 0.147 
Os A Ament OtNA 7 may | On 7/52 
Lquations of Condition. 
aed 
Gy + -O.758 4° — 05349 401195 2-= 
C; 5428 = 2800, 4.995 
ad, — .244 — 962 + .315 
Pee e190 4 ATE Oo TAS 
LVormals. 
+ 1.553% — 0.227 y — 0.584% = 
= O27) Sp BAOW@). ap CRBS 
—0.584 +0320 + 1.148 
Liquations of Condition. 
12 
@ +0740% +0559y7 + 0.1832 = 
6, ~-+ .667 — .659 + .264 
G — .049 + .998 + .I51 
d, — 196 + .976 + .355 
Ca Abe =— WEZ5 4226 
JK — 818 + .398 + «158 
LVormals. 
+ 2.2624 —o.I91y — 0.0642 = 
—o.191 + 3.138 + 0.367 
—0.064 + 0.367 + 0.328 
Lquations of Condition. 
mals 
b, +0884x% + o.010y + 0.3342 = 
a8 —-.070" 997 + .189 
Gp er 053) 4.042 4 «2280 
LVormals. 


+ 1.567% —o0.104y + 0.0332 = 
— 0.104 +0.996 + 0.203 
+ 0.033 + 0.203 + 0.226 


oh 


+ .o61 “ + .o61 
= .023 “ — -.024 
+ .o15 “ — .102 
— 0.090 or + 0.115 
+ 0,500 “ -F°0.077 
+ 0,043 

+ 0.045 or + 0.180 
+ .074 “+ .048 
Tees 253 
Rie 2O0 4 feu 27 A 
=" 499) “524 
— .oo1 § — {051 
+ 0.408 or + 0.557 
+ 0.291 “ + 0.344 
— 0,020 

+ 0.100 or + 0.100 
PorsLigu.. 4- 093 
+ .120 “ — .056 
— 0.026 or + 0.032 
+ 0.125 “ + 0.096 
+ 0.089 


xy 


ei 


Hy 


fo 


x1 


Ji = +0124 Jy 


245 
Residuals, 
Uy Ug 
— 0.018 + 6.052 [vv]j = 0.0007 
OG + O51 
— .004 + wo1o ~[v v7 .=e.00R4 
Solution. 
+ 0.049 4,= + 0.146 + 0.442 Wt. 0.89 
+ 0.058 ¥,= + 0.045 + 0.062 “ 1.39 
feesiduals. 
— 0.005 + 0.046 
— .0o1 + .068 [vv]; = 0.0000 
FipeEOOS + .040 
— .006 — .016 [vv], = 0.0086 
Solution. 
— 0.052 4%, = +0.081+ 0.362 Wt. 1.53 
+ 0.043 J2= +0.046—0112 “ 2:05 
Residuals, 
— 0.153 — 0.070 
aR ots! — .O41 
— .348 — .365 [vv], = 0.3082 
ap oeziS + .202 
— .301 — .265 [vv]; = 0,2627 
tie Deis + .109 ; 
Solution.- 


+0170 % = + 0.257 + 0.022 Wt. 2.26 


= 6.022 yg = +'0126=— 0012 “ 3:12 


Residuals. 


+ 0.107 
.006 


ap SuOY 


+0075 [vv], = 0.0228 


.005 


+ .076 [vz], 


——KO.Onis 


Solution. 


—0.009 *#, = + 0.027—0.032 Wt. 1.56 
aC-1C0' 3020-20 0.50 


CLUSTER IN COMA BERENICES. 


Equations of Condition. 


ny 


” 


1, 


” 


+ 0.895 x + 0.046y + 0.1932 = + 0.110 or + 0.280 


246 
*14 
a, 
b, + .488 
¢ + .065 
@, + .207 
é, — .460 
Tie = 7893 
= 2.095 x 
— 0.057 
+ 0.019 
Sa15 
a, +0.766x 
b, . 2728 
= At 044 
ad, + .o1g 
é, — .7O7 
Tae OT 
ap BAG es 
+ 0.109 
— 0.012 
* 16 
4, +0.872x 
ad, + .o21 
C= 073 
Tie 070 
+ 1.971 x 
— 0.429 
— 0.144 
ce Wf 
Be SP Os)/ [Bee 
ne a1 
Js == 2018 
+ 0.007 % 
— 0.107 
+ 0.558 


oe 


836 + .158 
997. + .263 
970 Pa 
856 + .165 
Sols Sire SUCK 
LVormals. 


— 0.057 + 0.0192 = 


— 


Equations of Condition. 


3-371 
0.013 


— 0.013 


+ 0.195 


+o512y +0.1652 = 


ae 
++ 


+ 


C7 Sp sage 
0.999 + .I50 
1.000 + .358 
0.603 + .260 
O.443 9-7/5 
LNormats. 


sp ChilCL)j? Cena = 


+ 
oa 


Lquations of Condition. 


Za Sa 
O19. 


+ 0.379 
ap OLRwI 


— 0.166 y + 0.2764 = 


+ 1.000 + .216 

—o.156 + .329 

+ 0.658 -+ .150 
LVormals. 


—0.429y —0.1442 = 


ob 
+ 


1.484 
0.218 


+ 0.218 
+ 0.253 


6e 


+ .007 

— .171 “ 
Pte 35 6é 
yp 
+ SLAY ce 
+ 0.008 or 
+ 0.338 “ 
— 0.036 


+ 0.016 


— 0.031 or 
aL .044 6“ 
— .oor ‘ 


— .o16 “ 


” 


+ + 


.026 
171 
279 
.236 
053 


” 


— 0.014 OF + 0.035 
+ 0.038 “ + 0.020 


— 0.002 


Lquations of Condition. 


—0.519y + 0.7992 


+ 


985° + .218 
132 an E54 
LVormals. 


0.107 y + 0.5582 


L775 
0.742 


Oye 
oe Cb7/ NE) 


” 


w” 


+ 0.093 or + 0.093 


— .o19 °° =- 
+ 205 6 a 


” 


.O14 
.095 


” 


— 0.063 or + 0.016 
— 0.187 “ — 0.132 


+ 0.103 


JeS> 


Residuals. 
Vy Ua 
wr ” 


+ 0.099 + 0.174 


+ ,088 +  .003 
— .271 — .279 [vv], = 0.1892 
— .219 — .204 
— .158 — .098 [vv], = 0.1849 


+ .159 + .160 


Solution. 


Ww ” 


= +0.007 x = +0.113 — 0.012 Wt. 2.09 


+ 0.100 y= +001 +.0.002 “ 3.37 


Residuals. 


a“ uw 


+ 0.071 + 0.158 


=e O.7107; + .020 
— .033 — .o5t [vv], = 0.0503 
— .070 — .104 
— .046 — .o13 [vv], = 0.0729 


Sue H) + +174 


Solution. 


— 0.015 x, = +.0.045 + 0.012 Wt. 2.25 
— 0.007 jy; == + 0,008 —6.122" 9-6 2.15 


Residuals. 
— 0.025 — 0.054 
+ .o19 + ..006 [vv], =cooer 
+ .oot = §ORe 
— .033 — .028 [vv], = 0.0037 
Solution. 


” ” 


— 0,002 4 = + 0.022 + o.0of2 Wt. 1.85 
ap CHO fy IP COIS) Opiigys 1.39 


ce 


Residuals. 
+ 0.094 +0049 [vv], = 0.0297 
— 015 — .o60 


+ .088 + .046 [vv], = 0.0081 


Solution. 


” ” 


— 0.075 2%, = + 0.008 —0.522 Wt. 0.99 
— O1l0 yy, = —10.074 + 0:30.60) say 


+ 0.894% + 0.0507 + 0.1562 = 


* 18 
a, 
b, + .596 
Gr 3p gee) 
a, + .896 
Gre — 32: 
O93 
+ 2.959% 
+ 0.262 
+ 0-734 
* 19 
a, + 0.880% 
b, + .666 
¢ + .306 
ad, + .760 
Co 3 ZT 
Es maeacy 
+ 2.773% 
+ 0.555 
+ 0.430 
* 20 
@, +0892 
Ge 1.478 
ot 2767 
€,  — +225 
1, — -852 
+ 2.389 
+ 0.403 
+ 0.430 
* 21 
¢, +0.620% 
hoe ag wri) 
é, — 052 
J, _— 845 
+ 1.873 x 
+ 0.602 


Equations of Condition. 


+. 
-+ 


+ 0.262 y + 0.7342 = 


-- 


Lquations of Condition. 


+ o0.180y + 0.1492 = 


+ 
+ 


+ 


+ 0.555) + 0.4302 = 
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Ale a b42 
"030. | 4-9 240 
014 + .796 
937 + .184 
0055 + +254 
* Normals 


2.299 
0.049 


— 0.049 
+ 0.835 


662 + .153 
940 + .197 
5620. — 1592 
1929. i) 220 
178 + .264 
LVormals. 


+ 2.526 


+ 


Lquations of Condition. 


—0.095y + 0.1482 = 


+ 


+0.403V + 0.430% = 


- 


0.261 


+ 0.261 
+ 0.541 


645 - + .200 
517° + -544 
968 + .159 
310 pF .202 
LVormals. 


2.023 


— 0.286 


Equations of Condition. 


+0.725y + 0.2222 = 


+ 
ot 


206 + .346 
698-9 + 2175 
aSat a Pe 2399 
LVormals. 
0.602 y + 0.09062 = 
HOA = OLR Y 
ONY Dy i RODE L°) 


— 0.286 
+ 0.496 


ny 


a” 


Ns 


” 


— 0.338 or — 0.168 


+ .296 
+ -.425 
TRL 
= OL7 
eae rOAD 


ap Obityfls 


+++ 
N 
Ww 
(e) 


+ 0.241 


+ .062 


“+ 266 
eae 425 
—) .LOr 
“ + .008 
“ — 142 


-- .075 
sae tae 230 
66 + 099 
“ — .210 
ee +195 


oe rs -073 
“ + 234 
65 :057 
¢ — 210 


“+. .032 
“ 4+ ,108 
“ — .169 


+ 0.003 or + 0.158 


— 0.042 
— 0.031 


“ _ 9,068 


kesiduals. 
ea Ug 
— 0.291 — 0.205 
6303 SOL 
+ .367 + 32340 (vv), = 0.4181 
— 2133 — QS 
+ .042 "9.092 [vv], = 0.3063 
— .095 — .105 
Solution. 
‘4, = — 0.057 x = + 0.037—0.252 Wt. 2.93 
N= +0082 y= +0078 +0052 “ 2.28 
kestduals. 
— 0.623 — 0.528 
203 + .180 
+ .152 =F 530 | 0a2i) ee — Grey an 
aio ¥.0)7.0 “005 
— .160 — 112 [vv], = 0.4073 
— .248 = gC 
Solution. 
x, = —0.120 x, = — 0.039 — 0.142 Wt. 2.65 
y, = + 0.522 9, = ')-+,0.120:—"0:07 2. 2,42 
Residuals. 
— 0.269 10.2100 
— .063 — .083 [vv], = 0.1352 
+ .188 + .134 
— .0g90 — .078 [v ’], = 0.0978 
= apa — way, : 
Solution. 
x, = —0.029 *# =.+ 0.102 —0.212 Wt. 2.31 
J, = +0.005 J, = —0.046+ 0.182 “ 1.95 
Residuals. 
— 0.059 — 0.022 
— .144 — .081 [vv], = 0.0263 
+ 039 + +034 
+ .024 — .102 [vv], = 0.0185 
Solution. 
Hot vO.OLK (Xy ==, OL TO — 0.1% 68 Witer.00 
J =" —-0.029) 15 == — 0,080.4 0.177) samt. 45 


248 
Equations of Condition. 
* 22 
d, +0.640x% + 0.693y +°0.1982 = 
é, + .250 — .959 + .602 
tee mtn as (att RBCS. Aete 2 78 
LVormals. 
+ 0.616% —o.140y + 0.1732 = 
—0O140 + 2.219 — 0,193 
{Only 3 -— Ov293 0 1, 0-4 7/7, 
Equations of Condition. 
* 23 
ad, +o0.592% +0747 y +0.1752 = 
Rema OS (i atgy ep aan ot. 8054 
pe e285 AR te 235 
LVormals. 
+ 0.719% — 0.253 y + 0.5392 = 
— 0.253 + 2.085 — 0.389 
+0539 — 0.389 + 0.958 
Lequations of Condition. 
* 24 
o, + 0.661% + 0.678 y + 0.1662 = 
d, + 38903 “+ 4056 4- .240 
é& + .177 — .980 + .201 
J, — 894 — .002 + .g70 
Normals. 
+ 2.064% + 0.326 y —0.508 2 = 
ap 0.320 + 91.423 — 0.074 
—0.508 —0.074 + 1.066 
Equations of Condition. 
* 25 
d, + 0.862% + 0.265 y + 0.194% = 
é, + 383 — 02° -+ .245 
J, = 172 + .981 + .868 
LVormals. 


CLUSTER. IN COMA 


+ 0.920% —0.287y + 0.1102 = 
+ 1.846 + 0.686 
+ 0.686 + 0.849 


— 0.287 
+ 0.110 


ny N2 


+ 0.141 or + 0.178 
= .092 “ = .027 


= 054 “ — ,020 


7 " 


+ 0.087 Or + 0.115 
sp OR Yee a peker ea 
— 0.042 


+ 0.147 OF + 0.179 
— .209 “ — .131 
ai 2 O cl —— Nae 22 


” ” 


+ 0.052 or + 0.099 
+ 0.020 “ + 0.027 


— 0.233 


” ” 


+ 0.260 or +: 0.260 


— .098 “ — .027 
3124 -“o =ee SESS 
— .095 “ — .184 
+ 0.191 OF + 0.346 
+ 0.049 “ — 0,007 
— 0.047 

+ 0.001 or + 0.065 
“—~ 121“ =e. 2049 
— .ogo “ = .028 


” uw 
— 0:02010F 10,042 
+ 0,021 “ + 0,034 


= 0.107 


BERENICES. 


Residuals. 
Vy Ua 
— 0,009 —o.002 [vv], = 0.0076 
— .063 — .009 
— .059 — .008 [vv], = 0.0002 
Solution. 
” 
x, = +0.158 x, = + 07203 — 0.262 Wt. 0.61 
22:19 


J, = + 0.072 Y, = + 0.072 + 0.072 


Residuals. 
+ 0.086 + 0.068 [vv], = 0.1333 
— .236 — .186 
— .265 — .209 [vv], = 0.0829 
Solution. 
4, = + 0.079 % = + 0.749 — 0.712 Wt. 0.69 
Dima OK IuCy Wm > enet > Crea“ Bixlo 
Residuals. 
+ 0.192 + 0.175 
— .179 — .181 [vv], = 0.0840 
+ .122 + .110 
— .o14 — .027 [vv], = 0.0762 
Solution. 
X%, = + 0.090 = 4.090.176 + 0.252 Wt. 1.99 
Jy = + 0.014 Jeo = — 0,045 —0.002 “ 1.37 
Residuals. 
+ 0.026 +o.o11 [vv], = 0.0217 
— .102 — .046 
— .102 — .045 [vv], = 0.0042 
Solution. 
x) = — 0.031 x, = + 0.054—0.252 Wt. 0.87 
Wi = +0007 po=+0.027—0412 “ 1.96 
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Lquations of Condition. Residuals. 
*26 0 ny My Uy Vg 
G + 0.716% + 0.604 y + 0.149 2 = + 0.145 or + 0.145 + 0.161 + 0.129 
a, + 894 + .037. +.0.198 + .023 “ + .094 — .008 — .020 [vv], = 0.0506 
@. + 2-317 — 034 + 0.189 je 1308 4-8 190 + .052 + .042 
J, — 842 — .337. + 6.870 + .140 “ + .029 + .148 + .100 [vv]. = 0.0288 
LVormals. Solution. 


+ 2.1214 + 0.455 y — 5.441 2 = + 0.048 or + 0.227 a = 4+ 0.038 4 = + 0.133 + 2.352 WE 1.97 
+0.455 +1352 — 2.395 — 0.079 “ — 0.105 Ny = — 0.071, go = — 0.123 + 0.99% “ 1.25 
— 5-440 — 2.395 + 47.294 + 1.012 


Attention has already been called to the fact that the observations, and hence also 
the solution above given for star 7, which is a double, have reference to the middle point 
between the two components. The observations which I have made of the components 


of this double star corrected and reduced are as follows: — 


Dist. Pos. Angle. 

1891, June 11 9.186 65 18 
1895, Aug. 10 9-032 68, 27 
66 ““ ““ 8.722 69 43 
ys Saal? 9-239 OF 17 
“6 “c “é 9-299 63 55 
a Rs) 9 311 65 38 
“c 6c “c 9.286 66 7 
Mean, 9-154 65 15 


In making the observations of August 10, precaution was not taken to turn the handle to 
the position circle alternately to the right and left, and it should also be remarked that the 
weather conditions upon that night were noted as extremely bad. Consequently it has been 
deemed permissible to reject the position angle observations of that night. The above found 
means give for the differences in right ascension and declination between the two components 


the values, 


da = + 4.327, 
dad — _ 8.313, 


one half of which values are to be applied with opposite signs to the position of the middle 


point given by the general solution, which is 
1S A= 183 48 44.39 
Decl. = + 27 39 -24-77- 
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§ 10. INVESTIGATION OF THE PROBABLE ERRORS OF THE RESULTS. 


BrerorE giving the finally deduced places of the stars, I will give the results of an investi- 


gation of the residuals and probable errors. 
In the first place, the residuals derived from the final solution were classified both with 


regard to magnitude and distance, to see if there existed any systematic law. The average 


residual for one observation comes out to be: — 


” 


For magnitude 5.0 to 7.5 Average Residual = — 0.007 No. Obs. 297 
Ss . 7.8 to 8.5 = = = — 0.014 - IgI 
For distances 1000 to 2000 = — 0.017 a 63 
« ef 2000 to 3000 i ” = — 0.045 Ge 52 
ss ob 3000 to 4000 H ve = — 0.043 f go 
e S 4000 to 5000 24 ie = — 0.009 ge 97 
~ e 5000 to 6000 eS i = + 0.061 . 84 
¢ S 6000 to 7200 a = — 0.018 sf 94 


Vote. — There are two distances, 14 ¢ and 26 f, less than 1000”, of which there are 8 observations. 


These residuals do not seem to indicate any regular law. 
Turning now to the probable errors, we find that the probable error of a single observa- 
tion, derived from the final solution of the equations of condition, is, 


” 


For stars between 5.0 and 7.5 mags., + 0.218, 
6c ““c 7.8 “ 8.5 6 4 0.257, 


while the probable error of a single observation, derived from a comparison of the measures 
inler se, iS, 


” 


For stars between 5.0 and 7.5 mags., + 0.172, 
66 66 7.8 6c 8.5 77 ae 0.239. 


Hence there is apparently a certain residual error not accounted for. The value of this 
residual error may be derived in the following manner. 
We have in general for any star the equation, 
Sur Fo 


ieee 
Fy" = 0.455 — + rz", 
1-2 7 


where 7; = the probable error of an equation of condition depending on % observations, 
%o = the probable error of an observation, 
7p = the residual error, 
m = the number of equations of condition = number of fundamental stars from which star is observed. 


Hence, if the stars which were observed from the same number of fundamental stars are 
separated into groups, this equation will for the different groups become, 
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SOU Fo 


Sa 
For a star observed from 3 fundamental stars (6 Obs.), 0.455 ~ Te + r,’, 
Bi, 
<= 2 
“ec “cc “ec 4 (73 6“ (5 Obs.), 0.455 2 vv — To = es 
4-2 5 
vA Se > 2 
os 66 1G 5 6 ‘“ (4 Obs.), 0.455 ras a 4 rn’, 
Sa D - 2 
CG 1G “ 6 a ‘“ G3 Obs.), 0.485 z ~ == Lo. af Tp 


But the residual error will evidently be determined with different weights according to the 
number of equations of condition, and hence to reduce them all to equal weight, each of the 
above equations should be multiplied through by its #, giving four equations of the form, 


Svvum M To? 
a 0 2 
UT. ge vOA Se = + mr,?, 


from which 7g may be found. 
Furthermore the stars were divided into two classes according to magnitude, but, as the 


results indicated no law dependent on the brightness, all the 8 equations in 7,” have been added 


together and give as a result 


Var els O11 O78 


which agrees very well with the value 0.”073, found by Dr. Evkrn in his Pleiades work (p. 82). 

Assuming this value for the residual error and the values given in the first column below 
for the observational error, I have formed the following table for the probable error of a single 
equation of condition having for arguments the number of observations and magnitude of the 


stars. 


5-0 to 7.5 
7.8 


a 
8. 
8. 
8. 
8. 
8. 
8. 


9 
1) 
I 
2 
3 
4 
5 


Based upon this table and the weights derived from the solutions, and adopting the results 
heretofore obtained for the fundamental stars, I have constructed the following table, giving 
the probable errors of the final co-ordinates of all the stars, ~, being probable error ink.coe 


and ~, that in declination. 
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n 


CONN ANBWN WHA 


oil 
8.2 
7°5 
7:3 
6.6 
7:5 
6.3 
5-0 
7.1 
7.2 
8.3 
8.2 
72 
7°5 
8.0 
8.5 
6.5 


LAWN AWWwUNNnbwW QAnNMN | uN | 


§ 


Hols 


DI ND OUrM |] HaraTsT Grr COM 
ONUMWN TRUWW OO FH OM O 


LNAN AD [/_ UPBWHKH ANWW J 


FINAL PLACES AND PRECESSIONS. 


In the following table are given the final places of each star, for which is also given its 


number and magnitude in the Bonn Durchmusterung, together with the precessions and 


secular variations :— 


Final Places and Precessions. 


Star. D. M. No. Mag. R. A. 1892-0 Precess. Sec. Var. Decl. 1892.0 
a 26 2321 aot 182 40 10.48 | + 45.6257 | — 0.1798 | + 26 21 38.62 
I 26 2323 8.2 183° 5 55-84 5558 Se psle 26 10 17.42 
b 28 2100 ols an Ons .4984 1913 ay MY Wa OvKOL 8) 
2 202324 Feel 18 35.82 5039 1803 20°47 Lees 
63 26 2326 6.6 23 49.50 4933 1780 26 36 29.67 
4 25 2487 25 183 27 11.36 | + 45.5083 | — 0.1690 22 On 37.20 
5 20 2329 6.3 Ag 7,OO 4372 1761 26 36 2.49 
6 27 21k A 5-0 43, 29.22 4184 1817 27 FS0LQ aE 
WE ay fae a 48 42.2 3899 .1854 27 39 20.61 
fo\ 27-218 pe 7.2 48 46.55 -3897 1854 | 27 39 28.93 
8 26 2331 8.3 183 51 44.41 “| + 45.4143 | — 0.1749 26 31 33-65 
9 26 2332 8.2 54 40.56 411g 1726 26 19 12.45 

10 25 2493 7:2 54 41.75 4323 1663 25 37 35-94 

II 25-2495 VAS 194 30: 97.70 .4180 1656 25 35 47-15 

12 27 2100 8.0 4 37.06 -3556 1798 27112) 120.33 

13 28 2109 85 184 7 39 83 + 45.3240 | — 0.1851 27 54 32.40 
G 25 2498 6.5 Fle One 3940 1624 Ds Seip Reeve) 
d 26 2337 rae, 16 9.19 3460 eas: 26 26 43.28 

14 26 2338 8.5 TOmeGny +3458 1716 26 25 39.50 

ne af Biwts, 7.8 eons a! aut) 1736 27 ete eT OcOn 


Precess. 


” 
20.0310 
20.0235 
20.0218 
20.0194 
20.0175 


20.0164 
20.0106 
20.0105 
20.0085 
20.0084 


20.0073 
20.0061 
20.0C61 
20.0040 
20.0021 


20.0008 
19.9993 
19.9971 
19.9970 
19.9967 
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Precess. Decl. 1892 0 Precess. Sec. Var. 


fo} ” 


2722519 ‘ + 45.2966 + 27 4357-12 |— 19.9961 {+ 0.0417 
25 2501 : +3457 ‘ Zin ties 2-08 19-9905 -0432 
26 2343 : 2781 ; 2052/7 0.26 19.9865 0443 
26 2344 ‘ 2582 ‘ 26 41 50.62 19.9847 0447 
26 2345 ). 2710 : 26 10 52.75 19.9837 -0449 


26 2350 : .2003 : 26 16 48.32 19.9719 0480 
20 2115 3 ; 1183 3 27 51 59.20 19.9687 .0486 
27 2134 ; .1098 27 2Es2gs57 19-9639 .0498 
2225 : .0907 ; 27 37 48.53 19.9620 .0502 
DG) Pier : -T1Q5 : 26 30 35.96 19.9585 -O511 


26 2352 : + 45.0619 : 26 49 28.33 19.9498 |+ 0.0529 
26 2353 : 0718 : 26 29 49.28 19.9488 .0531 
26 2354 : .0639 : 26 30 37.85 19.9473 -0534 


The precessions have been computed for each star for 1892.0 using for the constants mz 
and z Struve’s values, viz.: — 


m = 46.0885, 
nm = 20.0528. 


The secular variations have been computed by interpolation from the following tables : — 


Secular Variation of Precession in R. A. Secular Variation of Precession in Decl. 


+ 26°. + 28°. 


” ” 


+ 0.0318 + 0.0318 
+ 0.0394 :0394 
+ 0.0469 .0469 
+ 0.0544 0543 


§ 12. Proper Motion. 


As was remarked on one of the early pages of this paper, no star of this group is included 
in Prof. Porter’s catalogue and therefore their annual proper motions are all probably less 
than 0.’15. To satisfy myself in regard to this matter, I have examined all the catalogues at * 
my disposal, and find for possible exceptions the following : — 


w 


Star 6, for which a comparison of Lalande and Yale places gives a proper motion in Decl. = —o.158 
“ 6 66 6c 6“ Rumker f3 66 “é “é 66 = —o.162 
) 
“6 Gh 6“ 66 66 Weisse-Bessel 66 3 66 6c 6c = —0.179 
4) 
ce 8 “cc “cc 6c “ “ce ce 6c 66 R. ih. — —o.176 
? 
66 10, oe 66 66 Lalande 66 66 6é “cc 66 = —0,295 
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The next largest value found was -o.”131 in declination for star 7’, while all the others 
These stars could not be found in any other catalogues, and so the 
Stars 11, 13, and 23 were not found elsewhere than in the Boux 


jell sunder Oo; 10, 
results are very doubtful. 


Durchmusterung. 
A satisfactory discussion of the relative proper motions of the members’of this group 


must of course remain for some twenty or more years, until they shall have again been 
triangulated with accuracy either by heliometric or photographic means. 
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DETERMINATION 


OF THE 


PARALLAX; OF THE TEN FIRST MAGNITUDE STARS 


IN THE 


NORTHERN HEMISPHERE. 


§ 1. INTRODUCTION. 


THE second investigation planned for the Yale Heliometer on my assuming charge of it in 
1884 was a series of researches on the parallaxes of stars of successive orders of magnitude 
similar to the scheme outlined by Dr. Gitt and myself a year or so previously. The work 
was begun in 1885 with the ten brightest stars in the Northern Hemisphere, which are, with 
their magnitude, according to PIcKERING: 


Ge Panties Mele a bee copes MAS 2.0 WaeCONIS: tackle. © 6? 8 tuner aioe PN p ee 
Ce NUUIO IC Ge Saas a Gh ey ce S86:2 Me DOCU goa at ce seal eS Cee O.0 
@rOnoDisgece vee ak wees eR oes VTC. ace woke eee ee al vow ' 
ay (Cavs sino! 5G. Bl ce x SE. OWE Ge NCUUAC el nk to sa eee SEAT SO 
CaGeminorum of.) ' > tase: lee Or de C VST AW ea et Vo tee Sens 


and thus comprise all the stars that may be called of the first magnitude north of the Equator. 

At the inception of the work it seemed plausible to assume that about fifty measurements 
on each star of the same character as those made by myself at the Cape would suffice to 
determine the parallax of each star with a probable error not greatly exceeding 0’.01, providing 
no serious systematic errors were introduced. To test the freedom of the results from such 
systematic errors the wisest course to pursue appeared to be to divide these fifty measures 
among several series with different comparison stars and varying conditions, and thus finally 
it was decided to secure for every star as a minimum three such series with not less than six- 
teen observations apiece, each series to be in three or more groups at the epochs of the maxi- 
mum parallax effect. 

This programme was carried out, but with the interruptions caused by the work on the 
asteroids for the determination of the Solar Parallax in conjunction with the other heliometer 
stations in 1888 and 1889 and the polar triangulation undertaken in the former year, it was not 
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completed until the year 1891. A discussion of the results then obtained, and published in 
our Annual Report for 1892, showed that the accuracy secured only corresponded to an average 
probable error of about 0’.025, a certain amount of systematic error being found which added 
considerably to the mere observational errors. 

Further series were therefore undertaken in 1892 on the seven of the stars when the uncer- 
tainty was the greatest and which were at the same time of greater interest, and the work, as 
now presented, was completed in 1894, the average probable error of a final result being 
reduced to about 0.0109. , 

The table on the opposite page shows the number of measurements secured in each year 


on the several series. 


§ 2. Metruop or MEASUREMENT. 


With but a few exceptions the present results depend on measures of distances and on the 
general principle that by taking two stars situated on opposite sides of and nearly equidistant 
from the star whose parallax is sought the instantaneous scale-value can be eliminated from the 
difference of the two distances. The advantages of this method have been so fully set forth by 
the various workers in this field that it appears needless to enter with detail into them. Suffice 
it to say that the same general rules were followed as in the Cape work of Dr. Gitt and myself, 
with a few modifications resulting from our experience therein. 

The principal one of these modifications was the complete and exhaustive use of the revers- 
ing prism eyepiece to eliminate systematic personal error depending upon the direction of the 
line joining the two stars under measurement and any slight inequality in the brightness of 
the two images. This has been effected by immediately repeating each pointing with the 
images apparently reversed 180°. Moreover, all measures have been made by passing the two 
images through each other in an apparently vertical direction, the head being always held in 
the natural, upright, position. If then, as is reasonable to assume, any tendency to pass one 
of the images to the right or left of the other remains constant for the few minutes necessary 
to secure the pointing in the reversed position of the prism, the error will be counteracted by 
a similar one having an opposite effect on the displacement of the scales and the mean of the 
pointings will be free from this vitiation. 

If the two stars, one being reduced in brilliancy by the wire gauze screens placed in front 
of one semi-lens, were of precisely similar magnitude and color, there should be little trace of 
such error, but it is not easy to secure the exact equality. The screen-holder carried three 
screens, which I endeavored to arrange so as not to have more than a half magnitude of differ- 
ence between the two objects, and as a rule the amount will have been less than this. The 
arrangement introduced by Messrs. Repsortp in their later instruments to secure a complete 
equalization has not been adapted to our heliometer. The eyepiece employed gave a power 
Of 2r0; 

The registering micrometer was used throughout the work with the two pairs of “fixed” 


wires one-half revolution of the screw apart. In two successive pointings these pairs were 
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Star and Series. 
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employed alternately, thus eliminating the principal term of any periodic inequality in 
the screw. 

The same number of pointings, sixteen for a complete set of four measures, has been 
adopted as in the Cape work, but I have considered it sufficient to make a complete measure 
of four pointings on one star, then two measures on the-other star, and finally a fourth measure 
on the star first taken. Ina number of the series four comparison stars were used, and the 
order of measurement was then, for instance, acd 6 ora similar one, this order being varied 
on successive nights, if a and 6 denote the two stars on one side of the principal star, ¢c and d 
those on the other side. 

In three of the series a single star at a comparatively small distance was employed, the 
scale-value being deduced from some of the double pairs at much larger distances under obser- 
vation at the same epoch. In general sixteen pointings were made of this single distance. 

One series consisted of measures of position-angles from a very favorably situated pair, the 
zero of the position circle being immediately eliminated from the difference of the circle 
readings for the two stars, and the instrumental constants very approximately likewise. 


§ 3. THe SEVERAL SERIES AND COMPARISON STARS. 


The various data concerning the selected comparison stars are collected under the heading 
of the principal stars in the ensuing pages. The star places refer to 1855, the distances, posi- 
tion-angles, proper motion corrections, and parallax factors to the mean epoch of the series. 
The proper motion of the main star is Newcomp’s value for 1891. 


a TAURI. R. A. 45 27™ 36s Decl. +16° 13’ PeM:.6'52016 in Dir.o1 ges: 


Three series on Aldebaran were begun in 1885, one of which was the series of position- 
angle measures already alluded to. This was a very symmetrical and favorable pair, and was 
the only one continued in 1886, when it was found necessary to pass over for the time being 
all but one pair. The other two pairs were taken up again in 1887 and 1888 and the desired 
number of observations secured. In 1892 six further series were undertaken and carried out 
as planned in three consecutive parallax epochs. The following table gives the position of 
the comparison stars for 1855 for the various pairs, the D. M. magnitude, their approximate 
distance and position-angle from a Tauri, the proper motion correction applied and the paral- 
lax factor in the usual notation for each pair. 


Star. Mag. R. A. Decl. Dist. Pos. Angle. Pe MM. ‘Corrs Parallax factors. 
Hey ears fo) , ” re) ” 6 
Series It @ 7.5 4 22 29+ 15 49 4636 252.9 —0.003 i Sum: 0.02 sin (125.3 —©) R 
b 8.3 S302 etones 4885 81.3 + .032 Diff: 1.99 sin ( 67.6—©) R 
Series II @ 8.3 423-25 = 1529 4679 236.9 et Sum: 0.12 sin (257.1 —©) R 
b 8.2 Aiea Ou raed 4890 43.6 — .096 Diff.: 1.71 sin ( 64.7 —©) R 
Series III a 7.0 4 26 42+ 16 53 2580 342.4 —0.001 i Sum: 0,00 sin ( 56.5 — ©) R 
b 7.0 go Gaunt sea 4 2412 163.7 — .006 Diff: 1.98 sin (249.3 — ©) R 


THE SEVERAL SERIES AND COMPARISON STARS. 


Star. Mag. 

Series IV a 8.6 
5 7-9 

Series Va 6.5 
b 8.4 

Series) Via 6.5 
b 8.5 

Series Vil a 7.8 
b 8.0 

Series. VIITa@ 7-5 
b 553 

Series IX a a3 
b 8.3 

a AURIGAE. 


IRS FAS Decl. Dist. 
h. m. Ss ° , ” 
4 24 42 +15 30 3564 
Sot] > LI 6 399° 
4 23 344+ 15 32 4246 
Roy Te yee. 5828 
4 20 42415 51 6108 
BAA LO, 2 6213 
4 20 28+ 16 57 6734 
SS 250) Eta 5775 
4 22 290+ 15 49 2085 
BOS 15-39 3197 
422 55+14 47 6558 
3437 17 2 6724 


ROA. 5h cm sos 


Pos. Angle. 
224.7 
35.6 
235.2 
55°7 
257-3 
96.6 
293.8 
109.3 
250.1 
131.9 


218.7 
64.2 


Decl. +45° 51’ 


P. M. Corr. 
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Parallax factors. 
Or Sin (254.9 —o)R 
1.51 sin ( 63.4—©)R 
: 0.00 sin ( 68.3 —©)R 
1.80 sin ( 65.5 —©) R 
0.05 sin (204.2 —@)R 
1.96 sin ( 68.9 —©) R 
0.04 sin ( 60.1 —@)R 
1.72 sin (251.6 —©) R 
: 0.36 sin (233.2 —©)R 
1.64 sin ( 70.3—©6)R 
: 0.22 sin( 77.8—0)R 
1.69 sin ( 65.1 —©) R 


P.M. 07.4425 in Dir. 168° 55’. 


For this star two series were started in 1885, only one of which it was found possible to 


continue with in the next following epochs, and the second pair was not under observation 


again until 1890. 


A third series was then taken up with a single star in a favorable position. 


A fourth series was commenced in 1893 with four comparison stars. 


stars and the other quantities are as follows : — 


Star. Mag. 
Series la 8.0 
b 8.4 
Series II @ 8.0 
b 7.4 
periess IIL & 7.8 
Series IV @ 6.0 
b 8.0 
Sia 7-4 
ad 7.0 

a ORIONIS. 


R. A. Decl. Dist. 
Ins Tale SG ° , ” 
5 1.14 + 45, 28 3270 

Ir 4 46 33 4072 
5 e550 40.45 4554 

tis BO AS 4821 
Sen 1 45057 825 
4.59 57+ 46 47 5651 
5 ©0357 44 32 5055 

ie BO Al 1) 4821 

12 25 4653.2 -5132 


eee R Age 2O° 


Pos. Angle. P. M. Corr. 
246.2 ess 
50.9 aro 
316.6 aaa: 
Zee RU Se ce ey/ 
58.2 —0.159 
312.1 —0.354 ) 
214.7, 2 Que 

USoihy ate -3 598) 
Ay-l 237) 
Decl. +7° 23’ 


Sum : 
Diff. : 


Sum: 
Diff. : 


Dist. : 


Sum ; 


Diff. : 


The positions of these 


Parallax factors. 


0.15 sin (221.6 —©)R 
1.81 sin( 90.9 —©)R 


0.05 sin( 97.9 —©)R 
1.41 sin( 55.1—©)R 


0.91 sin( g1.0o— 9) R 


0.07 sin (285.8 — ©) R 
1.39 sin (259.2 —©)R 


P.M. 0”.0219 in Dir. 71° 46’ 


As for most of the stars, two series of this one were commenced in 1885 and only one 


was followed up to completion. 
being not a very favorable one. 


Star. Mag. R. A. Decl. 

hee Mm. (s- ° ’ 

Series la 8.7 5.45 40+ 7 37 
b 8.5 48 53 ake 


Dist. 


” 


1737 
1494 


In 1890 two new pairs were taken, the one dropped in 1886 
The data for these stars are : — 


Pos. Angle. P. M. Corr. Parallax factors. 
300.6 on Sum: 0.08 sin (115.1 —©)R 
II1.9 + .017 Diff.: 1.79 sin (259.0 —©)R 
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Star. Mag. R. A. Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 
h. m. ss. ° , ” ° ” ) 
Series II @ 8.1 5 44 27 +7 17 2594 263.3 ee. Sum: o.15 sin (225.3 —©)R 
b 7.6 5° 35 7 50 3358 60.3 -+ .021 Diff.: 1.88 sin( 92.0—©)R 
Series III a 8.1 5 44 4 + 6 45 3640 232.9 eo Sum: .0.04 sin ( 65.4 —©)R 
b 8.3 50 40 ne Ce 3553 56.7 + .o21 Diff.: 1.80 sin (277.1 —©)R 
a CANIS MINORIS. R. A. 74 31™ 438 Decl. +5° 35’ PioM. 1 2957in. Dirszi14 495. 


Procyon was also*one of the stars for which only one result was secured in 1885-86 
though three series were then begun. On taking up the work in 1890 one of the old pairs 
was discontinued, as it had a small parallax factor and a better one selected; for Series III 
I have also not made use of the measures made in 1885, as the interval of time seemed too 
large to depend on Avuwers’ variable proper motion. In 1892 four further series (one of a 
single star) were undertaken, which required till 1894 to complete. The following are the 


star places, etc., —the P. M. corrections are deduced below : — 


Star. Mag. R. A. Decl. Dist. Pos. Angle. Parallax factors. 

ha ms Ss ° ’ ” ° S 
Series la 7.6 (fed eS an wee we Oy 3892 247.5 Sum: 0.07 sin (201.1 —@)R 
b | a5 Ae as 3726 106.9 Diff.: 1.98 sin (294.0 —©)R 
Series IL @ 8.2 7 30 “4 F624 3751 Fae: Sum: 0.05 sin (277.6 —©)R 
b 8.2 34 8 4 43 3785 144.9 Diff.: 1.51 sin (128.7 — ©) R 
Series III a 8.0 7 29 38 + 5 43 1906 te Sum: 0.13 sin (250.0 — ©) R 
b 8.5 33.2.6 5 19 LSST 125.8 Diff.: 1.90 sin (298.8 — ©) R 
Denies = i View 8.0 4 25-10. 66 25 5893 261.8 Sum: 0.08 sin( 59.7 —@)R 
ER SE. 38 19 5 26 5955 95.8 Diff.: 1.95 sin (117.3 --©) R 
senes. = Vig 8.0 427 131-0230 5153. ey Sum: o.15 sin (313-9 —O)R 
b 8.2 250035 4 23 5207 144.0 Diff.: 1.61 sin (102.3 —@)R 
Series VI a@ 6.7 7 28 52 + 6 10 3322 oe Sum: o.ro sin (145.7 —@)R 
b 8.1 34 54 5 AG 3255 118.0 Diff.: 1.82 sin (301.4 —©)R 
Series VII 0 7.5 7 22 26 + § 34 658 96.9 - Dist.: 1.00 sin (115.1 —©)R 


For the P. M. corrections I have derived from Auwers’ data, in Astr. Nachr. No. 1373, by 
differentiation of the expressions for g and » and combination with the assumed values for the 
motion of the centre of gravity, viz.: —o'.0474 and —1".038, for 1890, the apparent motion of 
Procyon as follows : — 


Ss. " “ 
1885.0 —o.0368 in R. A. = —0.543, and —1.025 in Decl. 
87.0 0.0366 0.546 1.077 
89.0 0.0379 0.565 1.125 
91.0 0.0402 0.600 1.165 
93-0 0.0432 0.646 I.1QI 
95-0 0.0465 0.695 1.198 


from which the P. M. corrections for the several stars are found: — 
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Series I a b Series If a b Series III a b 

1885.0 +0.516 —0.222 1890.0 —0.529 +0.602 1890.0 +0.248 +0.199 
86.0 516 214 gI.o mea 606 gI.0 261 195 
87.0 518 210 92.0 +530 605 92.0 279 .186 

Series IV a Oe ceoeries Va G series: VIE <a b- series V Lae 

1891.0 +0.760 —0.478 —0.302 +0.589 —0.302 +0.013 —0.456 
93-0 -809 522 284 584 284 —.OI1 -499 
95:0 -858 +570 253 561 1253 —=.052 547 

8 GEMINoRUM. R. A. 7 36™ 208 Decl. +28° 32’ P. M. 07.6284 in Dir. 263° 36’. 


This star was taken up with two series in 1885, only one of which could then be finished 
as planned. In 1890 two new series were begun with other comparison stars. The various 
data are as follows : — 


Star. Mag. R. A. Decl. Dist, Pos. Angle. P. M. Corr. Parallax factors. 

lise RH Sp ° M ” ° ” ° 
Series Ia 8.7 7 31 49 + 28 17 3661 264.7 0.628 Sum: 0.03 sin (270.6 — ©) R 
b 78 4057 28 32 3648 79-7 — 6275 Diff.; 1.91 sin (289.5 —©) R 


series, (II 2 8.2 G23) 40-F 28 3 6150 259-7 i: Sum: 0.04 sin ( 85.6 —©) R 
b vies AA 22 25°25 6315 88.6 — .626 Diff.: 1.92 sin (113-4 —©) R 


Series III a 8.1 7 33 37 + 29 10 3620 322.7 ee Sum: 0.19 sin (121.9 —@) R 
b Tap AL OGOnE 2 Tats 4321 123.0 — .487 Diff.: 1.65 sin (116.0 —@) R 


a LEONIS. RAs roby 0M 308 Decl. +12° 40’ P. M. 0.2554 in Dir. 269° 42’. 


For Regulus three series were begun in 1885, and of two of them two epochs secured in 
that year. When it became necessary in the following year to follow up only one series I 
therefore combined these two pairs into a double pair, so as not to lose too much of the pre- 
vious work, making but one measure of each comparison star, and taking in the order a é b a’, 
or a similar symmetrical one. The work was taken up again in 1889 with two series, and 
again in 1892 with two further series, all of which except one were on this arrangement of four 
stars; the latter two series were formed, however, of the same (all but one) stars as the others. 


Star. ~ Mag. RaeAS Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 
he me oS: ° , ” ° ” 
Series Ia 8.0 9 54 8+ 12 51 5780 279.7 +0.251 ) . 
Ob 8.2 BO! OF 127-49 4111 297.5 + .253 | Sum: o,o1 sin (148.2 —©) R 
Cc See ROMO Pee To: 24 501 IOI.2 — +250 | Diff.: 1.97 sin (148.2 —©) R 
ad 7.9 1120 ne aa oA 6049 99.7 — .252 ) 


Series I] @ a5 9 56 22 + 12 20 3949 2547 oe Sum: o.11 sin (146.2 — ©) R 
b Sa PO. 3-49. F345 2816 84.6 — .254 Diff.: 1.71 sin (328.4 —~ ©) R 
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Star. Mag. R. A. Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 
1, MAb Te ° ’ ” ° ”" 
Series III @ 8.5 9°57-- 6 F913.33 4414 315.6 +0.178 ) . 
b 7.3 58) 50° 13°29 3328 331-6 + .121 t Sum: 0.13 sin(149.1 —©) R 
c Sees tO. larga este 10 2208 1290 — .204 Diff.: 1.76 sin (148.0 — ©) R 
@ 8.2 (Sete Mm ee. 6277 129.9 _ ea 
Series IV @ 8.0 9 $47 0.12 51 5780 276.9 een 
b Tey Bc Gls aero 6846 321.8 -++ .157 , Sum: 0.05 sin(149.4—©)R 
c Siz TOmor 7 1 F133 6277 129.9 — +195 | Diff.: 1.87 sin (328.1 —©)R 
a 7.9 FeO pcEC Roa. 6049 99-7 — .252 ) 
Series Va 8.2 9 56 o+ 12 49 4III 27755 +0.253 
b HS RO 22m th2 20 3949 er + .242 Sum: 0.06 sin (146.4 —@©) R 
c O2e lO a usm lee 45 2816 84.6 — +254 | Diff.: 1.84 sin (328.6 — ©) R 
fis Onto mia 274. gor 101.2 — .250 J 
a, Bootis. R. A. 14h gm 18 Decl. +19° 56’ P. M. \2".2864 in Dir..209° 5 


In view of the interest attaching to Arcturus on account of its large proper motion, and the 
consequent probability of a measurable parallax, six pairs of comparison stars were taken at 
beginning the parallax work. As Arcturus is over four hours in R. A. from any other of the 
first magnitude stars the observations did not collide, and it became feasible to carry through 
five of the pairs in 1885-87. In order to secure this considerable number of reference stars it 
was necessary to go below 8.5 mag., the limit in general set. In 1892 two further series were 
begun with brighter stars, but in a direction with a small parallax factor. The following are 


the various data: — 


Star. Mag. R. A. Decl. Dist. Pos. Angle. P. M.. Corr, Parallax factors. 
Ie Si Bh fo) , ” ° ” 5 
Series” La 8.2 14 2 58-+ 20 25 5415 289.5 +0.376) Sum: 0.23 sin (321.0 —©)R 


b 8.4 CW jm amu Te baa 4 5020 85.5 —1.262 J Diff.: 1.90 sin ( 30.7 —@)R 


Sum: 0.03 sin (323-5 —©)R 
Diff.: 1.92 sin( 32.2—©)R 


Series Ll a 8.3 TAT 2 23-9205 °2 4761 276.1 +0.888 
b WP T4562 30) SLOTS 4552 93-3 —0.989 


Sum: 0.08 sin (157.1 —©)R 
Diff: 1.84 sin( 36.9—©)R 


Series III a 8.7 TA 1A Ft 10. 48 4157 263.0 +1.338 
b 8.6 te Bae pk Pn Keg 3900 90.0 —1.106 


b 8.7 13) Dy Peasto 3512 75.0 —1.587 Diff.: 1.67 sin (225.5 —©)R 


Sum: 0.16 sin( 79.7 —@)R 
Diff.: 1.90 sin( 13.0 —©)R 


weries. Va 8.5 14 5 24+ 20 29 3653 303.3 —0.174 
b nea PI 13.5 190-20 2834 139-4 +0.799 


Series VI a 7-6 14, “723° 13.46 4365 198.3 +2.257 
b 7.0 9 49 20 48 3258 12.0 —2.181 


Sum: o.r1 sin( 18.1—©)R 


Series IV a 8.4 14 5 to+ 19 37 3424 252.0 +1.672 } Sum: 0.04 sin (170.2 —@)R 
; Diff.: 1.06 sin (127.7 —©) R 


Series VII 4 6.7 14 9 16+ 19 35 1207 170.1 +1.775 Dist. : 0.69 sin (164.2 —@)R 
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u LyYRAE. Re A; 18h 32m 28 Decl. +38° 39’ BP. M=-0, 3436in Dire 395048 


The one series which it was found possible to carry through at first was a somewhat more 
extended one than the others. The pair was a very symmetrical one, and the rather unex- 
pected result it gave for the parallax of Vega led me to take up, as soon as possible, in 1888, 
two further series, and in 1892 four more. The several quantities for these pairs are : — 


Star. Mag. R. A. Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 

Ins Sh es ° , ” ° ” O 
series!  Ieg 8.2 18 30 21+ 38 o 2642 206.9 ad Sum: o.or sin( 50.7 —©)R 
b 7.8 33-43. 139, 18 2620 26.2 + .337 Diff.: 1.88 sin (145.9 — ©) R 
Series II a 7.8 18 27 55 + 37 20 5614 Pe aer) see Sum: 0.14 sin( 60.2 —@)R 
b 77 84.58. ~39°59 5217 22.7 + .332 Diff.: 1.90 sin (140.3 — ©) R 
Series III a 7.0 Is 31 16 37. 55 2708 191.2 —o. 308 Sum: 0.07 sin (226.7 —@)R 
b 6.5 BralOe 130733 3322 EB + .318 Diff. : 1.85 sin (333-7 — ©) R 
Series IV a | 18 23 43 + 38 40 5843 270.6 se Sum: 0.15 sin (167.7 —©)R 
b 7.0 AQAPE 35-23 5122 100.7 + .157 Diff.: 1.95 sin( 83.0—@)R 
Series V @ 8.3 18 26 35 + 38 16 4087 250.4 —0.290 | Sum: 0.14 sin (190.9 — ©) R 
b ey | 39 44 38 55 5485 79.6 + .256 Diff.: 1.99 sin (281.5 —©)R 
Series VI @ 8.2 18 27 52+ 38 45 2950 277.1 —o.176 Sum: 0.19 sin (159.9 — ©) R 
b 8.3 Zoster 130 13 4675 109.0 + Sei Diff.: 1.93 sin (256.1 —@)R 
Series VII @ 6.8 18 28 0+ 38 44 2849 PA ee Sum: 0.43 sin (153.9 —©)R 
b 3 35° 48> 238.14 2744 122.2 + .034 Diff.: 1.86 sin( 70.9 —©)R 


a, AQUILAE. RG SOU ei Decl. + 8° 29’ Ps-M.0°.6475n Di. gre 72 
As with Regulus, when it was found advisable to discontinue one of the two series already 
commenced in 1885, I combined the two series into one. In 1890 two further series, one with 
four comparison stars, and in 1892 another two were taken up, of which the following are the 


various cata: — 


Star. Mag. R. A. Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 
baaeemMe eS: ° ’ ” ° 
Series Ia 8.2 19 37 24+ 8 45 5708 279.1 —o. tie: ° 
b 7.0 37 43 8 23 5385 265.6 — .558 Sum: 0.07 sin (178.5 —@)R 
é 8.8 49 33 Su25 5214 93-3 +) 507 Diff.: 1.91 sin (111.7 —@)R 
ad 8.0 49054 8 4 = 5705." F055, ct: oid 
Series Ila 7.6 19 42 g+ 7 55 2507 214.2 —0.603 } Sum: 0.28 sin (262.1 —@)R 
b 8.0 45 50 8 45 1857 58.4 + .645 Diff.: 1.75 sin (139.6 — ©) R 
Series III a 8.0 19; 42 53 4+ 9.40 3069 194.2 —o. a 
b 7.0 AZi15 Vey: 3457 186.8 — .431 . Sum : 0.09 sin (285.7 —@)R 
¢ qt 44 21 gts 2834 11.0 + -463 | Diff.: 1.31 sin (170.8 —©)R 
ad 8.2 44 49 Orit 2670 21.0 + oe 
Series IV a 6.0 19 38 37 + 7 15 6356 225.7 —0.637 Sum: 0.02 sin( 86.1 —©)R 
b 7.0 49 0 9 50° 6716 44.2 + .636. Diff. : 1.75 sin (317-7 —©)R 
Series .V @ 8.1 19 38 21-+ 7 33 5853 235.0 ae Sum: 0.09 sin( 76.0—©)R 
b 7.5 47 39 9 23 4748 41.9 + .640 Diff.: 1.84 sin (134.0 —©)R 
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a CYGNI. RA. 20°" 30% 31" Decl. +44° 46’ P. M. 0”.0099 in Dir. 148° 20’. 


The same course was pursued for this star as for a Leonis and a Aquilae regarding the 
continuance of the two series commenced at first, both series being combined into one. Two 
new series were begun in 1890. The positions, etc., of the comparison stars are as follows : — 


Star. Mag. R, A. Decl. Dist. Pos. Angle. P. M. Corr. Parallax factors. 
Wy bah Sh fe) ’ ” ° " 
senes = 172 6.8 20 33 16+.43 49 3967 Si ReS oar c 
b 8.1 S50 17 Lasts 1976 203.4 + .006 , Sum: 0.14 sin (103.6 — ©) R 
G 7.6 29 28 45 19 2059 147.0 — .007 | Diff.: 1.89 sin( 66—@0)R 
d 75 25°53) Ash 4008 22.2 — .006 ) 


Series II a 74 20 30 17 + 43 54 5040 232.2 +0.001 Sum: 0.09 sin (249.6 — ©) R 
b 5.6 AA ect eae aes 5592 58.2 — mae Diff.: 1.99 sin (337-8 — 0) R 


Series lil ¢ 6.8 20 33 16+ 43 49 3967 2113 +0.005 Sum: 0.03 sin (276.9 —@)R 
b 6.8 AOu2G) =A 56G 4838 33:9 — .004 Diff.: 1.94 sin( 08 —©)R 


§ 4. OBSERVATIONS AND REDUCTIONS. 


In the following pages the results of the observations and their reduction are presented in 
a tabular form. For each date I have given the sidereal time of the middle of the observation, 
the temperature of the air, and the “definition,” both that of the “images” and the “steadi- 
ness” being expressed on a scale of 1 for the best and 4 for the worst conditions. The 
next columns contain the results of the measures expressed in terms of the scale divisions, 
R= 12".68 approximately, corrected for refraction by Brsset’s formule and tables, also for 
aberration and reduced to the epoch stated by means of the values given in the preceding 
paragraph. For the measures of distance previous to 1885, Sept. 27, a correction of 1/4990 
has been applied, due to the change of one half mm. in the focal scale reading then made; 
since that date this reading has been kept invariably at 10.50. The position-angle series is 
presented similarly reduced. : 

The sams of the distances are then given with their mean value and then the azferences of 
these distances. These azferences are then corrected by means of the divergences of the sums 
from their mean values. In only one case the effect of the parallax on the correction to be 
applied to the differences amounts to a unit of the last decimal place used —in Series VIII 
of a Tauri —and here the sum has been duly corrected. 

From these corrected differences the absolute term of the equations.of condition has 
been derived, using for the mean difference an assumed value which is placed at the foot 
of the column; the equations involve a correction, x, to this assumed value, the parallax of the 
principal star, y, and a correction to the proper motion applied, z; these being all the quan- 
tities the arrangement of the observations admits of determining in general; for two of the 
series on Procyon which extend over several years a term, 22, depending on the square of the 
time, could be introduced. 
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When four stars were used the half-difference between the two stars on one side and the 
two on the opposite side are used to preserve the same unit in the equations. For the series 
of position-angle measures the simple difference between the values for the two stars furnishes 
the necessary quantities, as already set forth. 

The series with single stars have been reduced by employing the mean results of the sums 
from series observed at the same epoch and in the same quarter of the heavens in the case 
of a Aurigae Series III; for the other two, a Canis minoris Series VII and a Bootis Series IX, 
a pair taken on the same day was used. 

In forming the normals equal weight has been given to each equation of condition, the 
validity of which assumption will be shown in the discussion of the results; only those equa- 
tions depending on but eight pointings in the a Aurigae Series III have received half-weight. 
One observation only out of the 923 complete sets made has been rejected. A few incomplete 
sets were not reduced at all, being generally such as were made under unfavorable circum- 
stances and condemned before completion. The rejected observation is No. 11 of Series I 
on a Bootis; it leaves a residual of 1”.56 while none of the other residuals in the whole work 
attain 1”.00. 

The solution of the normals furnishes the values for the quantities x, y, and z with their 
probable errors and weights, only the probable error for x is omitted, as it has no particular 
significance unless the measures are reduced to the actual mean epoch and is of no great 
further interest. The values for [~ 2] and [vv], showing the betterment of the representation 
of the observations by the values x, y, and z, are then given, then the probable error of one 
observation, and finally the parallax with its probable error in seconds of arc. 
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a Tauri. Series I. 


Date. Sid. Time. Distances 1886.0. Sum. Difference. 


h.+  m. R R R R 

1885 Aug. 57 2— @2 BO5 567 arb 3853200 750.775 19.641 
22 548 103 rp Mop a) 

Sept. 27 563 57 720 594 

37 -556 ‘175 ‘731 -619 

44 559 74 736 618 


365.511 118 750.629 19.607 

55 535 173 "708 -638 
G22 .176 .698 654 

.500 .183 -683 683 

504 .187 -691 683 

532 216 -748 684 


1887 Sept. 365.537 385.213 750.750 19.676 
558 185 -743 -627 

553 -149 +702 -596 

Oct. ea5 -180 rs -645 

coz -I4I -653 -629 


750.712 


Corrected Difference. Equations of Condition. Residuals. 
R R 


R 
19.639 1.95y —0.382 =-+ 0.001 + 0.025 


-613 : 1.99 0:35 — .025 -000 
594 : 1.97 0.31 -044 -020 
-618 : 1.96 0.30 .020 .004 
617 : 1.94 0.30 oan -003 


19.609 10D) “hir,072 saa .029 .048 
638 . 1.65 1.07 .000 -O19 
1.67 1.07 .016 .003 

1.91 Thies .046 .024 

1.95 inital .046 -024 

1.97 Tif 045 .022 


THO SP Se -037 + 0.041 
1.91 .O12 .008 
1.88 - .042 -038 
1.68 .007 + .009 
1.66 : -007 .005 


R R R 
Normals: + 16.00% — 8.11y + 14.63% =— 0.002 Solution: x = — 0.0048 
—— S201 sim Syspneet = 015,23 + 0.491 WS 1.0053 ee mO.0020 46.04 
+ 14.63 — 0.53 + 22.87 + 0.147 B |= 0097 “dz 0.0060 8.55 


[z2] =0.01414 [vv] =0.00875 Prob. Error 1 Obs. + 0.221 


mt =-+ 0.108 SE 0.033 
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a Tauri. Series LT. 


No. Date. Sid. Time. Temp. Im. St. Distances 1886.0. Sum. Difference. 
hm. x R R R R 
1 1885 Sept. to Oo 14 45 — Sen 2 305-000" Om cOn ses 754.502 16.624 
2 II °o 658 46 2 2 .962 568 530 .606 
3 12 Oy S55) 54 _ — 937 566 503 629 
4 13 oO: 9 €2 — — -933 .568 501 635 
5 14 Orets 67 — —- 945 561 506 -616 
6 1887 Jan. 24 Bey 31 3 3 368.909 385.593 754.502 16.684 
7 26 Bes 83 15 3 3 925 552 477 627 
8 Feb. 13 * 0 14 I-2 2 O15 578 493 663 
9 19 Gf Ges 43 22 :979 .622 -601 643 
10 24 73 32 2 2 -909 605 514 -696 
ir -1887 Sept. 16 On s4 45 2-3 2-3 368.951 385.598 754-549 6.647 
2 17 0, 229 45 2-3. 2-3 .962 olga 514 590 
13 20 o 43 SOS rt 35 Ae TO ‘977 -548 +525 “571 
14 Och 2 9 ie 2-3 3 944 eg} 471 583 
15 2 i. 2 54 2-3 2 .928 BG Ae .469 613 
TOM ELOSO Liebe. I SEO 20 2 2 368.931 385-559 754.490 16.628 
17 6 SEO 16 I-2 947 .603 550 -656 
18 9 8) aie 4 1-2 2 953 589 -542 -636 
19 13 6 55 29 I-2 I-2 -954 576 530 .622 
754-504 
No Corrected Difference. Equations of Condition. Residuals. 
R R R 
I 16.624 +10ox —169y —0312 =— 0.002 — 0.001 
2 -605 1.0 1.69 0.30 — .021 — .020 
3 .629 1.0 1.69 0.30 + .003 + .004 
4 -635 1.0 1.68 0.30 + .009 OL 
5 -616 1.0 1.67 0.30 — .o10 — .009 
6 16.684 +rox +1447 + 1.072 =+ 0.058 + 0.029 
rf -628 1.0 1.47 1.07 + .002 — .027 
8 663 1.0 1.66 Tot + .037 + .006 
9 .640 1.0 1.69 1.14 + .o14 — .017 
Io -696 1.0 1.69 Tigi + .070 + .039 
II 16.646 +L0ox —1.62y + 1.9712 =-+ 0.020 + 0.050 
12 590 1.0 1.61 Wg — .036 — .005 
13 57E 1.0 1.56 Taye "HOH — .026 
14 534 1.0 1.40 1.75 — .042 —=.015 
15 -613 1.0 1.38 1.76 — .013 + .0o14 
16 | 16.628 +Lox + ssy +2.09%° =-+ 0.002 — 0.013 
17 655 1.0 KOOL, — . e2tLO + .029 + .013 
18 635 1.0 ar63 2.11 + .009 — .007 
19 621 1.0 1.66 2,12 — .005 — .02I 
16.626 
R R R 
Normals: + 19.00% — 1.60y + 21.112 =+ 0.069 Solution: x = + 0.0213 Wt. 6.26 
— 1.60 + 48.79 + 11.89 + 0.569 y  +0.0160 + 0.0025 36.89 
+} 21.15 + 11.89 + 39.29 + 0.061 2 — 0.0147 =f 0.0044 12.03 


[un] =0.01809 [vv] =0.00832 Prob. Error x Obs. + 0.195 
t—- 0.203 ae 0.032 


J ce a ET 
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a Tauri. Series LLL. 


Im. Position Angles 1886.0. Difference. 
ee 342 27 1 b: 163 42 46 178 rs 
27 42 15 45 
40 51 
48 34 
21 


55 


NS 


N 
COWOWO00 OW 


NS 


7 
8 
7 
7 
8 
8 
8 
8 


April 


1886 Sept. 


OF OPORON Ont 


178 
Equations of Condition. Residuals, 


L904) — 0.87 2 — O27 
1.94 0.87 0.09 
195 0.87 0.17 
1.96 0.86 0.04 
1.96 0.35 
1.97 0.22 


L.Qoly 
1.9 
I.Qt 
1.98 
1.98 
1.98 
1.98 
1.98 
1.98 


No. 


17 
18 
19 
20 
21 
22 
23 
24. 


25 
26 
By 
28 
29 
30 


LVormals: + 30.00% 
+ 4.06 


— 2.63 
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a Tauri. Series ITI. — Continued. 


Equations of Condition. 


+1.0x% —198y +0162 =— 16 

1.0 1.96 0.17 — 4 

1.0 1.94 0.19 — 1 

1.0 1.89 0.21 —16 

1.0 1.82 0.22 = 9h 

1.0 1.79 0.23 = iO 

I.0 Tage 0.24 +20 

1.0 1.68 0.25 ap 
Fiox +1939 + 0.702 —=— 25 

1.0 1.87 0.72 — 14 

1.0 1.86 0.72 + 46 

1.0 1.83 0.73 4- 28 

1.0 1.79 0.74 qe 

1.0 1.77 0.74 25 
+ 406y —2.632 =— is Solution: x 
+ 108.66 + 8.34 + 245 y 
+ 8.34 + 9-19 — 2 z 


ae a” 
@— --0:035 = 0.021 


[zz] = 19100 [vv] = 18410 Prob. Error 1 Obs. + 17.6 = 0.213 


Residuals. 
— 8 =o.10 
— 4 0.04 
a7 0.08 
+ 8 0.10 
— 67 0.82 
— 2 0.03 
+ 27 EIS! 
a2 2) O.11 
—25 = 0.30 
— 14 0.17 
+ 46 0.56 
+ 28 0.34 
+ 1 0.01 
+ 21 0.26 
=—10 Wt. 29.59 
+ 2.5 Sai is, 99-71 
— 2.8 a 6.4 8.26 


For the reduction of this Series of Position-angle observations the instrumental constants and index error 
(c) have been taken as follows (see pages 35 and 39) : — 


1885 Feb. 


1886 Mar. 
Sept. . 


Aug. and septics 


x de 4 a B u 
+80 — 16 —24 —ss fo) + 80 
. 75 16 a2; 49 Oo 80 

80 42 18 39 ) 80 

79 37 36 53 cee 80 


c¢ 


134 
206 
11g 
180 


Tel. 


253 


273 


274 
No. Date. Sid. Time. 
he) am, 
I 1892 Jan. 21 7 46 
2 Febe 1s ae 20 
g 16 Gh. PAC: 
4 | 7 35 
5 ee 7 34 
6 Mar. 6 ies 5 
7 1892 Sept. 26 Oo 41 
8 28 Oo 50 
9 29 o 47 
10 Octane Teed: 
II 2 ORS5 
12 5 £230 
13 7 1% 
14 1893 Jan. 26 vee 
15 18@)o (mer 
16 i4 8 9 
17 20 Gh Ie) 
18 26 8 24 
No. Corrected Difference. 
R 
I 33-589 
2 615 
3 -630 
4 -607 
5 560 
6 602 
7 33.599 
8 589 
9 593 
10 554 
II 585 
12 538 
13 589 
14 33-624 
15 .609 
16 627 
t] Se) 
18 560 
33590 
LVormals: + 18.00% + 7.34y 


PARALLAX OF FIRST MAGNITUDE STARS. 


+ 7:34 + 33.68 
— 645 — 4.65 


[mn] = 0.01250 [wv] = 


o TauRI. Series LV. 
Temp. Im St. 
a4 R 
18 2 2 a. 280.976 
26 3 3 961 
16 1-2 2 953 
10.5 2 2-3 966. 
35:5 2 2-3 “991 
34 A r2=3" 93 -966 
48 3 3 280.995 
56.5 2-3 2 -996 
46 2-3 3 962 
Agee 3 8 981 
445 2 2 .988 
Soe e235 AS 995 
oes 6 ae a 943 
27.5 2-3 B 280.956 
Bh Cosa a3 969 
30 2-3 2-3 958 
O23) areas 999 
23.5 2 2 -964 
Equations of Condition. 
SP OG? FP Ue SCOR 
1.0 1.48 0.88 
1.0 1.49 0.88 
1.0 1.49 0.88 
1.0 1.50 0.86 
1.0 1.46 0.82 
+1.0% —1.30y —0.262 
1.0 1.28 0.26 
1.0 1.27 0.25 
1.0 1.23 0.25 
1.0 1.22 O.28 
1.0 1.16 0.24 
1.0 I.12 0.23 
AP OG SP Hinge a COLON 
1.0 1.43 0.09 
1.0 1.48 0.12 
1.0 1.50 0.13 
1.0 1.49 0.15 
R 
— 6.45 2 =+ 0.009 Solution : 
— 4.65 *hTO:22)8 
ap ous —="O.03)5 
0.01077 
io 0.086 + 0.042 


Distances 1893.0 


b: 


Iti+ +) 44+ 


R 
314.565 
576 
583 
573 
paaL 
+568 


314-597 
588 
554 
534 
574 
532 
528 


314.580 
“O19 
585 
09 
1528 


R 
0.001 
025 
-040 


x = — 0.0046 


yy 
z 


+ 0.0068 
— 0.0064 


Prob. Error 1 Obs. + 0.229 


Sum. Difference. 


R R 
595-541 33-589 


e537) -615 
536 .630 
539 .607 
542 560 
534 .602 
595-592 33.602 
peeSO4. 592 
-516 -592 
515 553 
562 .5 86 
527 537 
471 585 
595-536 33-624 
548 .610 
543 L627, 
558 560 
-485 557 
595°537 
Residuals. 
R 
—o.OII 
+ .o14 
+ .029 
+ .006 
— .O4I 
+ .oo1 
+ 0.021 
+ .oIr 
ap OLS 
— .025 
+ .006 
— .O4I 
=> .OL0 
+ 0.030 
= OLS 
ies 
— .036 
— .035 
R 
Wt. 19-77 
= 0.0033 29.23 
+ 0.0103 2.67 


OBSERVATIONS AND REDUCTIONS. 


o TAURI. 


Corrected Difference. 
R 
124.812 
847 
-798 
844 
822 


835 


I.0 
I.0 
1.0 
I.O0 
1.0 


E77 
1.78 
1.78 
1.79 
277 


124.798 
Abe 
779 
72 
828 
814 


769 


555 
254 
1.52 
1.49 
1.43 
1.38 


124.794 
.806 
.809 
194 
824 


1.70 
1.73 
1.79 
1.79 


124.806 


R 
— 6.412 =-+ 0.009 
era er A + 0.378 
+ 5.07 — 0.078 


+ 18.00 x 


+ 8.57 
— 6.41 


+ 8.57y 
+ 48.79 
— 5:57 


LVormals : 


[un] = 0.00995 [vv] =0.00575 


a“ 
7 = -+ 0.091 


Equations of Condition. 


FRAG Se els a 


1.56 y 


igo Gh SOO es 


Series V. 


Sum. 
R 
794-194 
«219 
+279 
+279 
232 


.288 


Distances 1893.0 


R 

5: 459-499 
531 
541 
564 
526 
565 


R 
@? 334.695 
.688 


738 
715 
-706 
-723 


334-736 
+758 
+734 
752 
+731 
717 
-719 


459-539 
539 
+513 
530 
565 
lige: 
481 


794-275 
296 
+247 
-282 
-296 
+249 
-200 


794-248 
“195 
eu 
+213 
-178 


794-245 


334-727 
-697 
“712 
afi 


-682 


459-5212 
-498 
519 
SOI 
496 


— 0.932 


= 
ie 
e 
4+ 


iris 


=— 0.012 
.000 
003 
.O12 
.018 


| 


0.09 
0.12 + 
0.14 
0.15 y= 


strat deta 


R R 
4 = — 0.0103 
Y= 010072 "20.0020 
2 —0.0205 + 0.0081 


Solution : 


Prob. Error 1 Obs. + 0.167 


“4 
x 0.025 


Difference. 


R 
124.804 
843 
803 
-849 
-820 
842 


124.803 
-780 
719 
778 
334 
815 
762 


124.794 
.8o1 
807 
-789 
814 


Residuals. 


R 
— 0.014 


275 


276 PARALLAX OF FIRST MAGNITUDE STARS. 


a Tauri. Series VI. . E 


St. Distances 1893.0 Sum. Difference. 
R R R R 
2  a@: 481.549 8: 489.894 971.443 8.345 
577 -893 +470 +316 
573 874 447 301 
566 -906 472 -340 
; 2 543 858 -401 315 
March 7 Seas 8gI 466 316 


1892 Sept. 19 481.606 489.874 971-480 8.268 
20 — 596 869 ‘465 273 

29 ; : .605 .890 -495 285 

30 583 872 -460 -284 

586 885 471 -299 

-560 822 382 .262 

568 814 382 246 


481.524 489.877 971.401 8.353 
570 .860 +430 -290 
540 871 411 335 
oe 993 aoe Soe 
541 862 -403 one 


971-441 


Corrected Difference. Equations of Condition. Residuals. 
R R 

8.345 +10” +1.62y —0942 + 0.025 

-316 1.0 1.72 0.92 — 005 

30 1.0 1.79 0.91 —) O25 

-340 1.0 1.84 0.90 =O 

obs 1.0 1.88 0.88 — .009 

-316 1.0 1.93 0.82 .009 


8.268 10x —1.87y —0.28% =—0.037 
Bis 1.0 1.86 0.28 — .032 
1285 1.0 Tye 0.25 O20 
284 1.0 o7 1 0.25 
299 £0 1.63 0.25 
262 1.0 1.60 0.23 
246 1.0 1.58 0.23 


{e) 


-003 
-OO1 
.OIL 
-O1LO 
024 
-O14 
.030 


|+++4+] 


0.026 
037 
.002 
.022 
.009 


8.353 lox +1.77y +0.082 
+290 1.0 1.79 0.08 
331 1,0 1.89 0.12 
Stee 1.0 1.94 
ose 1.0 1.94 0.16 


8.305 


eater 


R R R 
LVormals: + 18.00% + 808y —6.562 =+0.007 Solution: 


+ 8.08 Ae feito == il = (Chyfrs1e) Y +0.0146 + 0.0019 
— 6.56 — 5-44 + 5-33 — 0.025 2 +0.0047 + 0.0081 


[zz]=0.01745 [vv]=0.00607 Prob. Error 1 Obs. + 0.172 


7+ 0.186 as 0.024 


OBSERVATIONS AND’ REDUCTIONS. 277 


a Tauri. Series VIZ, 


Date. Sid. Time. c ; ° Distances 1893.0 
m. R R 
1892 Jan. 4 ; E530:007" Os ALSsIS2 
Feb. 58 -806 174 
2 .826 nae ae 
15 : 828 -197 
Mar. II 831 153 


1892 Sept. 58 530.843 174 
E 4 .866 162 
29 - 825 -199 

Re 2 842 203 

32 .820 -176 

33 193 131 

37 852 wb 22 


29 530.783 160 
17 783 135 
39 .782 -196 
ae 199 -149 
49 .807 143 


985.988 


Corrected Difference. Equations of Condition. Residuals. 
R 

—1.46y —0.922 + 0.040 

1.55 0.91 : — .026 

1.60 0.90 _—. — .003 

1.62 0.89 — .029 

1.70 0.82 é + .023 


1.67 y —0.282 — 0.002 
1.66 0.28 ¢ + .032 
Hay 0.25 — .044 
1.53 0.25 : — .032 
ToGu O:25 : .024 
1-45 0.23 : -OOI 
1.43 0.23 +. 065 


75-626 L52-9>" 6.09 2° = 
653 - 1.58 0.10 
587 : 1.66 0.12 
-648 : 1.70 0.15 
-669 : 1-70 0.15 


75-655 


i R 
Normals: + 17.00% — 5.307 —5.60z =—0.006 Solution: x= — 0.0040 Wt. 9.94 
— 5-30 + 42.61 + 3.27 + 0.260 y +0.0072 + 0.0037 40.07 
— 5.60 + 3.27 + 4.46 — 0.043 Z  —0.0200 + 0.0146 2.56 


[mn]= 0.01912 [vv] =0.01651 Prob. Error 1 Obs. + 0.294 


w=+ 0.091 + 0.046 


278 PARALLAX OF FIRST MAGNITUDE STARS. 


o Tauri. Series VIII. 


Temp. ; b Distances 1893.0 b Difference. 
R 


° R R 
27 @: 164.372 5b: 299.364 134-992 
24.5 «400 360 : 4.960 
29 378 392 5-014 
30-5 +395 375 . 4.980 
34 -349 377 . 5-028 
38.5 386 oe : 4.986 
39 +395 -363 4.968 


A 
2 


loo) SI AMNBW DD 


1892 Sept. 48 164.416 299.368 134.952 
55:5 404 347 943 

57:5 397 +348 : 951 

Oct. 43°5 +394 +384 . 990 

38 “419 +372 : 953 

44 -382 339 . 957 

53-5 -366 +363 997 

1893 Feb. 3 28 5 164.375 299-351 134.976 
8 1325 = -400 363 4.963 
16 29.5 372 403 5-031 
24 19.5 382 : 5.003 
March 1 28 397 4.960 


Z 
9 


Corrected Sum. Corrected Difference. Equations of Condition. Residuals. 
R R R 

463.739 134-997 +1.45y —0.912 . + 0.008 

763 4.958 : 1.56 0.83 yp ="5.032 

SS 5.009 : 1.55 0.83 .O19 

773 4-975 1.54 0.83 s015 

729 5-036 ; 1.54 0.82 .046 

761 4-985 i 153 0.82 .004 

761 4.967 : 1.52 0.82 -022 


[+14 


463.781 134.945 —160y —0.282 
Yi) 4-945 : 1.45 O25 
743 4-955 3 143 0:25 
776 4.984 : 1.42 0.25 
789 4.944 : 1.36 0.24 
-719 4.968 5 1.35 0.24 
PG 5-006 : 1.34 0.23 


Oy 
.018 
.008 
.020 
.020 
.004 
.042 


I 
2 
3 
4 
5 
6 
7 
8 
9 


+4141 


463.729 134.984 +1.45y +0.092 
-766 4.960 . 87, 0.10 
778 5.025 ; 1.59 0.12 


4:999 : 1.59 0.14 
4.960 : 1.58 


134-979 


[ie oki] 


R R 
Normals : : . : Solution: x =— 0.0051 


yY +0:0.0080 + 0.0029 
2 —0.0042 + 0.0105 


[vn] = 0.01331 [vv] =0.01057 Prob. Error 1 Obs. + 0.220 


w= + @10r + 0.036 


OBSERVATIONS. AND REDUCTIONS. 279 


a Tauri. Series 1X. 


Date. id. Time. H 5 4 Distances 1893.0 “Sum. Difference. 
hm. R R R R 

1892 March : @: 516.828 6: 529.981 1046.809 ea 

.840 529-998 838 -158 

.867 529-954 821 -087 

.840 529.986 -8 26 -146 

-850 530-026 876 176 


1892 Sept. 26 ; 516.873 530-018 1046.891 145 
28 888 529-997 885, 109 

29 867 529-978 845 eT UL 

Oct 5 - 889 529.976 865 .087 

5 888 529.969 857 -O81 

6 853 529.929 782 076 


1893 Feb. : 516.847 529.961 1046.808 
8 .830 956 -786 

853 937 -790 

835 -980 815 
842 sO50) 801 


1046.831 


Corrected Difference. Equations of Condition. Residuals. 
R R 
13-153 +166y —0.832 : + 0.009 


158 : 1.66 0.83 j -O14 
.087 : 1.66 0.83 : 057 
-146 , 1.65 0.82 : 002 
175 : 1.65 0.82 : 031 


-144 —I52y —0.262 ; 043 
-108 : 1-45 0.25 : .006 
LED : 1.43 0.25 
.087 & 1.40 0.25 
.081 : 1.34 0.24 
.077 ; 5.32 0.24 


-IT4 +1.58y +0.092 
Loy 1.62 
.085 1.67 


+145 1.67 
1} 1.66 


13.120 


R R R 
Normals: + 16.00% + 8.027 —4.992 =—0.005 Solution: x=— 0.0131 
+ 8.02 + 39.06 — 3.71 + 0.325 y +0.0084 +0.0031 
— 4.99 — 3-71 43.07 — 0.073 2 #— 60,0275 7 0.0122 


[22] = 0.01443 [vv] =0.00964 Prob. Error 1 Obs. +0.233 


a“ “d 
mam=+0.106 +0.040 


280 PARALLAX OF FIRST MAGNITUDE STARS. 


cw AURIGAE. Series I. 


Date. Sid. Time. : ; : Distances 1886.0. Sum. Difference. 
h, m. R R R R 
1885 Sept. 57 257-0700 0 G2 TE EO 578.992 63.240 
35 .892 .128 9-020 236 
37 .879 Suu 9.010 p22 
40 -890 -102 8.992 22 
42 852 105 8.957 i252 


46 257.862 173 579-035 63.311 
9/ -QO7 154 .o61 247 
35 908 .176 .084 .268 
30 -900 -167 .067 .267 
fe) .863 .154 Oly .291 
48 887 EsG .040 .2606 


34 -130 579-013 63.247 
59 : .130 .032 .228 


34 : 114 .003 225 
20 2 137 .038 236 
18 : -I4I -O15 .267 


579-023 


Corrected Difference. Equations of Condition. Residuals. 


R 

63.243 T10x% —1.78y —0.302 
236 1.0 1.78 0.30 
+253 1.0 1.79 0.30 
215 1.0 1.80 0.30 
-260 1.0 1.81 0.31 


63.310 1.81y + 0.232 
243 é 1.80 0.24 
26 5 1.79 0.25 
.262 : 1.79 0.25 
292 , U7 0.25 
264 : ey 0.27 


+4++4] 4 


63.248 1.79y + 0.702 
227 : 1.80 0.72 
+227 1.76 0.77 
“234 tte Wd 0.77 
.268 1.73 0.77 


63.260 
R R 
Normals: + 16.00% — 7.097 + 3.714 =— 0.117 Solution: x =— 0.0032 II.50 
— 7.09 + 50.67 — 1.20 + 0.464 y + 0.0085 + 0.0020 47.50 
+ 3.71 = iiey SB EGS) — 0.026 2 10,001 T mass 10;0002 2.74 
[zn] = 0.00985 [vv] =0.00542 Prob. Error 1 Obs. + 0.173 


t—- 0.107 ae 0.025 


Z 
9 


sx = Ss ae 
WONH OW ON DA NAW DN 


Z 
° 


/ 


I 
2 
3 
4 
5 
6 
7 
8 


Lormals : 


Date. 


1885 Aug. 


4) 
Sept. 


1890 Aug. 


Sept. 


» Corrected Difference. 


+ 21.00% 


=<: 7-59 
— 28.80 


OBSERVATIONS AND REDUCTIONS. 


a@ AURIGAE. Serzes IT. 


Distances 1891.0. 


R 


yi 


124 
aL ES 


al | 
WwW wn 


Viel a earn 
NNW WW & 


S00: 


Co CO CO.1O OH OH OH 


_Equations of Condition. 
R 


.I00 
104 


.I40 
-I40 
-126 
.120 
ans 
-163 


HE y/ 
Bigs: 


ogl 


2137 
.160 


.088 
-157 
.148 


+119 
136 


20.970 + 1.0% —1.42y —5.362 
21.001 1.0 1.41 5:35 
20.989 1.0 1.38 5-34 
21.012 1.0 ey) sek 
20.985 1.0 1.30 on 


21.054. I.40y 0.352 
20.971 : 1.38 0.34 
21.021 , 1537 0.33 
21.013 ; 137 0.33 
21.028 ; 1.36 0.32 
20.961 3 1.36 0.32 
21.010 5 1.33 0.32 
20.988 ; 1.33 0.32 


21.016 Hove + 1Igy +0042 
21.014 ; 1.20 0.04 
20.997 ; 1.20 0.04 
21.029 : on 0.04 
21.023 : 1.30 0.07 
21.038 : ; 0.07 
21.049 i ‘ O.11 
21.029 . O.I1 


21.010 


R 

b: 380.128 
124 
103 
-IIO 
087 


-196 
-III 
+147 
-133 
.I41 
aba 
-126 
.126 


+105 
ER 
“159 


-I15 
-182 


-188 
-169 
-166 


—_— 


++t4++] 4+ 


R 


— 7.58y — 28.804 =— 0.012 Solution: x = + 0.0058 


+ 37.38 + 40.98 + 0.326 
+ 40.98 + 143-37 + 0.516 


HP  -5e SOLVES 
z + 0.0028 


[un] = 0.01296 [vv] = 0.00936 Prob. Error 1 Obs. + 0.195 


= 0.089 = 0.038 


Difference. 


R 
20.971 
21.000 
20.988 
21.010 


20.983 


21.056 
20.971 
21.021 
21.013 
21.028 
20.962 
21.009 


20.988 


21.014 
21.015 
che a, 
21.027 
21.025 
21.040 
21.050 
21.030 


Residuals. 


b+l+++i+ 


+++ 14] 


R 


+ 0.0030 
x 0.0017 


281 


282 PARALLAX OF FIRST MAGNITUDE STARS. 


aw AurIcaE. Series LT. 
No. Date. Sid. Time. Temp. Im St. Distance 1891.0 Sums of Adjacent Stars. 
hewenine & = R see R 

1 1890 April 12 9 19 43-5 I-22 65.1117 a Orionis Ser. II. 469.321 
2 £5 9 27 46 2 2 .0970 “Ser. UI. 567.146 
3 16 9 27 45 2 2 .1025 o« Can. Min. Ser. II. 594.298 
4 18 9 28 42 2 2 .0856 ee Ser, TIT 292.505 
5 21 9 24 60 2 2 .0869 BGemin. Ser. II. 982.388 
6 25 9 45 43.5 2-3 2-3 ey sf Der LL e265157 
28 4 47-5 I-2 2 -1165 ae 
j 309882 2 0971 S512? 
9. 1890 Och 1° 23°52 53.5 2-3 2-3 65-0929 aw Orionis Ser. II. | 469.328 
IO 14 O 33 47-5 2 2 .0891 “2 ser. III; 567.167 
Le isu 23°35 48.5 i=2 1=2 -0925 @ Can. Min. Ser Al.) 5945334 
12 17 © 32 49:5 2 2 .0923 : ACT. Le a3 
13 18 Ond3 = ASS I-2 1-2 0933 6 Gemin. Ser. II. 982.986 
14 PB o 18 40.5 I-22 .0808 S Ser. ill. -€26.224 
3512.619 
15 1891 April 7 Que 34 2 2 65.1040 aw Orionis Ser. II. 469.342 
16 8 8 59 37 2 2 1125 “c Ser. III. 567.188 
17 12 9 4 406.5 2 2 .0885 @ Can. Min: Sere Tl so4.375 
18 ip 9 8 48.5 2 2 0900 Rat) Serra Le eee Oe 
19 19 9 49 60 2-3 2-3 .1030 p Gemin. Ser... Il. ~* “982-905 
20 20 9 44 57-5 2-3 2-3 0985 < mcr. Ill. -626.217 
21 21 3 48 I-2 1-2 IOIg aaa 
22 24 “3 22 48.5 2 2-3 0955 3512.568 
S840 4- 

No. Equations of Condition. Residuals. 

R R 

I +1.0% +084 y — 0.72 2 = + 0.0196 + 0.0106 

2 1.0 0.82 0.71 + .0049 — .0038 

3 1.0 0.82 0.71 -- .oro04 + .0017 

4 1.0 0.80 0.70 —|).0005 = OES 

rR 1.0 0.77 0.69 — 1.0052 — .0135 

6 1.0 0.74 0.68 + .0136 + .0056 

7 1.0 Oat 0.68 + .0244 + .0166 

8 1.0 0.68 0.67 + .0050 — .0026 

9 = 1.01 —o.goy = O.21he7 = — 0.0025 + 0.0031 

Io 1.0 0.84 0.22 — .0063 — .0o10 

II 1.0 0.83 0.21 — .0029 + .0023 

12 1.0 0.82 0.20 — .0031 + .0021 

13 1.0 0.81 0.20 —1).002% + .0030 

14 1.0 0.78 0.19 — .0146 — .0097 

15 + 1.0% Oe 7p) + 0.26 2 = + 0.0095 + 0.0044 

16 1.0 0.87 0.26 + .o1rgo + .o129 

17 1.0 0.84 0.28 — .0060 — .o108 

18 1.0 0.83 0.28 — .0045 — .0092 

19 1.0 0.79 0.30 + .0085 + .0041 

20 1.0 0.78 0.30 + .0040 — .0003 

21 1.0 0.77 0.30 + .0074 +. .OO3T 

22 1.0 0.75 0.31 + .O0o10 —.0070 

R R R 
LVormals: +.14.00 x + 1.36 — 2.90 Z=+ 0.0205 Solution: x =—o0.0001 

+ 1.36 + 9.19 — 0.16 + 0.0666 JY +0.0072 +0,0014 
== PEO — O16 AP Pag ——O.O 103 2 —0.004r +0,0031 


[zn] = 0.001282 


[vv] = 0.000755 


Prob. Error 1 Obs. of Wt. 1 to.0s4 


- “ “ 
m=-+0.091 +0.018 


Corr. Distance. 


R 
65.1136 

.0989 

-1044 


.0875 | 
.0888 


.1076 
.1184 
-0990 


65.0915 
.0877 
-OQII 
.0909 
Rolep ce) 
ef 


65-1035 
.1120 
-0880 
.0895 
-1025 
.0980 
-IOI4 
.0950 


65.0940 


Z 


MAAR AKK 


Lea) 
1) 


Se S S S S 


RSS 


4 
iS) 


WA 


= 
oF 
_ 
e) 
on 
aS 


al Nee 
oe) 
wu 


OBSERVATIONS AND REDUCTIONS. 283 


a AURIGAE. Series IV. 


Temp. Distances 1894.0 


5 R R R R 

54 @: 445-472 5: 398.405 ¢- 380.052 ad: 429.120 
45-5 -491 451 +049 .128 
54:5 -433 418 .032 -138 
52 452 446 083 «128 
56.5 Aa 454 -I00 -100 


39-5 445-502 398.436 380.102 .199 
39 - .489 .460 071 .IQI 
39-5 / 471 446 069 -188 
44-5 479 447 oO ducal 
37 474 439 .022 .160 
33:5 434 -436 +031 +155 


wowunowowr 


60.5 445-455 380.033 429.089 
60.5 443 361 -040 .088 
67.5 445 369 087 116 
52 416 OSI -144 
44.5 447 .068 :073 


00000 


Sum Difference Corrected 

(a+b) +(c+d). (a+6)—(c+d). Half-Difference. Equations of Condition. Residuals. 

R R R R 
1653-049 34-705 17.353 +1.37y —0.282 — 0.004 
-119 : 382 é 1.32 0.25 .026 
.02T : +341 ‘ 1.29 0.24 .O15 
-109 d +343 ‘ To] 0.24 .O13 
.126 : : ; 12.6 0.23 -006 


1653-239 : : —1138y +0182 = 0.026 
+211 : : : 1.37 0.21 000 
-174 . : : 1.37 0.21 013 
+131 : : ; 1.25 0.26 -O19 
095 : : ; 1.24 0.26 .024 
-056 : : : 1.22 0.27 .OOI 


165 2.925 ‘ : clteg] eect On 2-2 
2.932 . 2 : 1.36 0.72 
3.017 5 4 g EG 0.73 
2.988 é 4 ; Tseiis 0.73 
3.002 2 - : 1.34 0.73 


1653-074 


R R 
+ 16.00% ; : : Solution: x=-+ 0.0088 Wt. 
+ 5-45 2 : y +0.0005 + 0.0027 
+ 3.78 4 ; : Z —0.0267 + 0.0090 


LVormals : 


[un] = 0.00728 [vy] =0.00553 Prob. Error 1 Obs. + 0.176 


m=+0.006 + 0.035 


284 


Date. 


1885 Sept. 
Oct. 


1886 Oct. 


Nov. 


Corrected Difference. 
R 
19.182 
-208 
.188 


197 
231 


BUG 
+237 
iN 
.I90 
-196 
161 


19.167 
-155 
163 


194 
-192 


19.189 


+ 16.00 x 
Sp Allg 
ae test 


LVormals : 
938.03 
+ 0.90 


+ 472y + 4.31%=— 0.010 


PARALLAX OF FIRST MAGNITUDE STARS. 


aw Ortonis. Serzes L. 


Distances 1886.0. 


R 

bs 117-777 
‘774 
‘775 
769 
734 


R 
» 136.958 


117-773 
755 
Pl he 
7k 
779 
813 


117-793 
799 
789 
788 
-797 


Equations of Condition. 
R 
= 0.007 
-O19 
-OOL 
.008 
.042 


— 0.26 2 
0.24 
0.24 
0.23 
Or2Z 


+ 1.697 
1.63 
1.62 
1.58 
B6) 


7 sty ats 
1.69 


1.64 
1.64 
OR 


.048 
.027 


R 
Solution: x= + 0.0064 
— i O.022 Dd = 0.0007 
== 0.072 be) _ 0.0252 


FOO 
a 2:06 


[xz] = 0.00821 [vv] = 0.00667 Prob. Error 1 Obs. + 0.194 


“ a 
1% —=— 0.009 + 0.032 


Sum. 
R 
254-735 
*757 
OM 
-734 
695 


254-736 
‘747 
OL 
731 
-755 
-791 


254-754 
134 
741 
Boe: 
-789 


254-744 


Difference. 


R 
19.181 


Residuals. 
R 


—o. 
.009 
.O13 
.003 
.028 


-b 


+ 


o19 


.000 
-046 
031 
.Ool 
.007 
025 


R 


.008 
.O21 
.OII 
.O21 
.021 


Wt. 


= 0.0025 
=E 0.0093 


.209 
.187 
.196 
227 


.190 
+237 
“159 
-189 


gy 
-165 


10.88 
36.60 


2.74 


OBSERVATIONS AND REDUCTIONS. 285 


cw Ortonis. Series IT. 


No. Date. Sid. Time. Temp. Im. St. Distances 1891.0. Sum. Difference. 
h m. ° R R R R 
I 1890 April 12 $ 27 Apt 36 2-20 aS 2OAEAG. 90 3) 204.701 469.307 60.215 
2 13 on -55 CO fee oat an 524 :793 -317 -209 
a 15 Seah Z AZ-5 “2-3 -° 2-3 aya -760 aor 189 
4 16 3750 46 2 2 532 804 e230 242 
5 18 8 58 43 2-3 2-3 530 -780 316 244 
6 1890 Sept. 29 2.17 41.5 2 2-3 204.568 264.769 469-337 60.201 
7 30 2 eee 52 2-3, 2-2 542 -770 eo 2 228 
8 Oct, <5 a. y AI 2-3 2-3 “Aart 808 -339 277 
9 8 £106 44.5 3 B 581 -789 370 208 
10 9 oe aa 44.5 2 Z 530 Eh 307 247 
II es 236: 38.5 2 2 532 70 302 .238 
12 1891 April 6 8 56 30.5 I-2 2-3 204.539 264.805 469-344 60.266 
13 7 8 36 345 2 2 -549 -799 -348 -250 
14 8 8 36 38 2 2 5.20 809 329 289 
15 ine 8 44 47-5 2 2 534 -798 332 204 
16 13 8 49 48.5 2 2 541 814 355 273 
469.330 
No. Corrected Difference. ’ Equations of Condition. Residuals. 
R R R 
I 60.218 -iOe + 176)  —10.72 2) = — 0.027 — 0.022 
2 271 1.0 1.74 0.72 + .026 + .031 
2 .189 1.0 1.72 0.71 — .056 2 2085 
4 Aap 1.0 1.70 0.71 + .026 sae OOiT 
5 -246 1.0 1.68 0.70 + .0o1 + .006 
4 6 60.200 +1ox —1.88y —0.262 =—0.045 — 0.038 
7 230 1.0 1.88 0.26 — .015 — .008 
8 .276 1.0 1.85 0.24 + .031 + .038 
9 -203 1.0 1.82 0.23 — .042 — .034 
‘ Io -250 HO: 1.82 0.23 + .005 + .o12 
II < .242 1.0 1.78 0.22 — .003 + .005 
I2 60.264 +rox +182y +0262 =-+ 0.019 — 0.001 
13 248 1.0 1.81 0.26 + .003 Sy a HOLY 
14 .289 1.0 1.80 OD; + .044 + .024 
te -264 1.0 1.76 0.28 + .o1g — .oor 
16 270 1.0 1.74 0.28 + .025 + .005 
60.245 
R R R 
Normals: + 16.00% + 6509 — 3.152=-+ OO:1I SOLBUO Wn X= 0.0035 Wt. 12.33 
+ 6.50 + 51.05 — 1.07 + 0.271 y +0.0054 + 0.0027 48.39 
— 3.15 Is Or7) + 3.22 + 0.064 Zt hO-. O25 Om ieNOlO TKO 2.60 


[un] = 0.01352 [vv] = 0.01039 Prob. Error 1 Obs. + 0.242 


n=+0.068 + 0.034 


Date. 


1890 April 12 


1890 Sept. 
Oct. 


1891 April 


PARALLAX OF FIRST MAGNITUDE STARS. 


ce Orionis. Series LLL, 


Sid. Time. \ 6 ; Distances 1891.0. 1m. Difference. 
m. R R R 
48 787,000 . 02° 2801131 6.869 
16 7.023 -192 ; 831 
12 : 6.996 165 : 831 
8 5 6.970 143 
15 : 6.975 -136 


38 : 287.011 72 

22 7.006 73 -179 

32 7-O17 175 -192 

18 ; TOUR ates .168 

24 : 7.004 .144 .148 
6.979 a3 ae 


287.030 .182 567.212 
7.003 .186 .189 
WOR -IQI a2 
6.993. -141 -134 
7.020 Bk f= 195 


567.167 


Corrected Difference. Equations of Condition, Residuals. 


— Normals: + 16.00x 
— 6.61 


ath ee) 


R R 


R 
6.869 1.747 —0.723, =-+ 0.029 + 0.029 


-830 : L738 0.72 od ce) -O10 
831 3 1.71 0.71 .009 = sOEs. 
828 : 1.69 0.71 .O12 — .o12 
-840 ‘ 1.68 0.70 -000 -000 


6.839 1.81 y . 004 > 
833 : 1.81 : -O10 
842 : 1.80 ; .OOI 
858 ‘ 1.78 ; : -O15 
.860 ; layfte : LOL 
826 ‘ 1.75 : .O17 


6.847 1.78 y : -++ 0.009 
817 ; L777 : .O21 
.829 0 | : .009 
852 ; 1.74 : oa ae OLeh 
845 : 1.73 4 : + 007 


6.840 


R R R 
— 661y — 3.15 2=+ 0.006 Solution: x=-+ 0.0008 Wt. 12.31 


aor ap Ul + 0.053 Jy: sb OvobTe! Se eceer 5 46.47 
+ 1.13 + 3.22 — 0.006 2 —0.0020 + 0.0062 2.60 
[xn] = 0.00301 [vv] =.0.00284 Prob. Error 1 Obs. + 0.126 


“l “l 
m=-+ 0.015 + 0.019 


OBSERVATIONS AND REDUCTIONS. 


1886 April 


1886 Nov. 


Corrected Difference. 
R 
13.090 
.098 
.107 
+105 
107 


13.028 
022 
035 
O12 
.030 
044, 


13.093 
sia 
094 
-099 
-149 


13.080 


LVormals : 
+ 7.06 
+ 5.08 


+ 58.82 
+ 2.07 


ao Cants MINORIS. 


+ 1.0% 


I.0 
I.0 
I.0 
1.0 


+ 1.98 


Serzes L, 


Distances 1886.0 


R 
b: 293-770 
a fl 
Giyies 
yt 
787 


R 
@. 306.859 


293-850 


293-797 
“787 
-791 
810 


777 


Equations of Condition. 


— 0.212 
0.21 
0.20 
0.19 
0.19 


1.98 
1.96 
1.96 
1.95 


+10” —199y +0.282 


1.0 
I.0 
I.0 
I.o 
1.0 


+ 1.0% 


I.O 
I.0 
1.0 
1.0 


+ 16.00% + 7.06y + 5.08 z= — 0.040 
++ 1.109 
+ 0.025 z 


2.07 
+ 4.39 


1.99 
1.98 
1.98 
1.94 
1.92 


0.29 
0.30 
0.30 
0.32 
0.33 


+1.86y +0842 


1.84 
1.82 
1.80 
D7 


0.85 
0.85 
0.85 
0.87 


R R 

Solution: «x=— 0.0161 
y+ 0.0203 

+ 0.0147 


Prob. Error 1 Obs. + 0.137 


Sum. 


R 
600.629 
.651 
-650 
.646 
681 


600.729 
S1L9 
-691 
-710 
s113 
704 


600.687 
On 
676 
720 
+703 


600.688 


Residuals. 


R 


+ 0.0014 
+ 0.0063 


287 


Difference. 


R 
13.089 
097 


-106 


-104 
107 


13.029 
023 
5035 
-O12 
031 
-044 


13-093 
127 
094 
100 


-149 


55-08 
2.78 


[un] = 0.02673 [vv] = 0.00334 


T= + 0.257 


+ 0.018 


288 


Date. 


18go April 21 
25 
28 

May 


Lormals: +16.00x + 6.32y 


+ 6.32 
— 2.86 


PARALLAX OF FIRST MAGNITUDE STARS. 


o Canis Minoris. Series LT. 


Temp. Im. St 
R 


as 295-774 
.7604 
774 
758 
LAS 


59:5 2 
2-3 


295-854 
.808 
895 
.830 
866 
.832 


295.806 
.804 
-776 
-782 
776 


Equations of Condition. 


I.51y —0.708 


Distances 1891.0 


OF 


R 
298.527 
504 
555 
537 


522 


298.478 
+494 
495 
-479 
502 
473 


298.512 
548 
531 
a 4 


522 


LaS2 
1.52 
152 


1.51 


1.44 y 
1.50 
1.50 
1.46 
1.46 
1.45 


+ 1.0x + 1.50 
1.0 1.50 
1.0 1.51 
I.0 1.52 
1.0 1.52 


R 
— 2.862 =+0.120 
— 1.41 + 1.266 
+ 2.97 — 0.086 


E45 02 


— I.41 
[wn] = 0.05377 [vv] = 0.00700 


w+ 0.461 


0.69 
0.68 
0.67 
0.66 


—— OZ 22 


0.18 
0.18 
0.14 
0.14 
(op 


SE ORSXo) 


0.30 
0.30 
0.31 
0.32 


R 
x= — 0.0108 


y +:0.0364 
Z —0.0223 


Solution : 


Prob. Error 1 Obs. + 0.198 


ele 0.03 5 


Sum. 
R 


594-301 
.26 


329 
-295 
297 


594-332 
7302 
390 
+309 
368 
305 


594.318 
+353 
+307 
+297 
-298 


594-317 


Residuals. 


+ 0.0028 
+ 0.0100 


Difference. 
R 


2.753 
-740 
aon 
779 
°747 


2.624 
-686 
-600 
649 
.636 
.641 


2.706 
744 
“foo 
“Too 
-746 


2.700 


Wt. 12.55 


33-29 
2.46 


OBSERVATIONS AND REDUCTIONS. 


Date. 


1890 April 21 
25 
28 

May 


1890 Oct. 
Nov. 


1891 April 


Corrected Difference. 
R 
28.007 
27.985 
28.010 
28.000 


27-995 


28.135 
.0go 
.072 
.085 
.109 
.098 


27-996 
-986 
990 
-980 
981 


28.040 


+. 16.00 X 


— 8.35 
== Peg +. 


LVormals : — 8.357 
+ 54-50 
1.86 


[wm] = 0.04577 [vv] =0.00270 Prob. Error 1 Obs. + 0.123 


o Canis Minoris. Serzes Z//. 


St. Distances 1891.0 


R 

2 -@ 2 150.303 
219) 
any 
304 
289 


150.352 
2327, 
304 
359 
354 
“344 


150.280 
300 
301 
-306 
287 


Equations of Condition. 


+ 1.0% 
ita) 
T.O 
1.0 
1.0 


— 0.702 
0.69 
0.68 
0.67 
0.66 


—I1o1y 
1.90 
1.89 
1.87 
1.84 


+102 + 


I.O 


1.88 y 
1.82 
1.74 
e792 
De 7 
risa 


0.22 
0.16 
0.14 
0.14 
0.13 
0.13 


+ 0.30 2 
0.30 
0.30 
erent 
0.32 


I.gly 
1.91 
1.91 
1.90- 


1.89 


R 
=— 0.121 ° 
+ 1.512 
+ 0.000 


— 2.792 
+ 1.86 
+ 2.96 


7+ 0.367 + 0.018 


R 
b= 122.205 
296 
304 
303 
“295 


122.219 
240 
-237 
270 
-244 
-246 


122.287 
aay: 
309 
“322 
-306 


R 


= — 0.033 


— .055 
— .030 
— .040 
— +045 


— 0,005 
+ .050 
Ha O3 2 
+ .045 
+ .069 
+ .058 


=— 0.044 
— -.054 
— .050 
— .060 
ye) 


R 


Solution: x= + 0.0053 
WV 1 0.0290 


Z. .— 0.0132 


Sum. 


R 
272.598 
575 
621 
607 


584 


272.5 75 
-567 
541 
-629 
598 
-590 


272.567 
612 
610 
628 


593 
272.593 


Residuals. 
R 

+ 0.008 

— .o14 
.O1L 
.000 
.006 


.032 
-O10 
-026 
-O12 
.O12 
.OOL 


0.010 
.000 
-004 
.006 
005 


[+1+ +41 


R 


289 


Difference. 


R 
28.008 
27-983 
28.013 
28.001 


27-994 


28.133 
.087 
.067 
089 
TES 
.098 


27-993 
-988 
-992 
-984 
981 


Wt. 12.55 


+ 0.0014 
+ 0.0062 


50.07 
2.47 


290 PARALLAX OF FIRST MAGNITUDE STARS. 


ao CANIS MINORIS. 


No. Date. Sid. Time. Temp. Im. St 
h. m. ° 
1 1892 April 30 Io 30 46.55 22—3)  52=3 
2 1892 Nov. 4 hig iy, 40.5 2 2 
3 5 4 52 28 82-3 253 
4 6 Sen5 Saas 2 
5 a 4 55 2 ye. 255. Aa 
6 12 4 48 30.5 2 2 
7 1893 April 15 9 35 37-52 2 
8 18 9 47 47 2 2 
) aes aeoe 45-5 3 2-3 
10 25 TOseEO 46 Zz 2 
Ir 1893 Nov. 20 A -43 26.5 2-3 2-3 
12 22 5 40.5 2-3 3 
12 26 4543 22 2 3 
14. Deer e7 5 21 26.5 — — 
15 1894 April 9 O37 SS bo aes 
16 13 10 41 3 3-4 
Ef 15 9 49 43 Rie ee 
18 17 9 47 46.5 2-3 2-3 
19 18 ro 6 445 — — 
PQ eet O04 WCC 12 4 52 are 3 a 
21 3 4 26 21.5 2 
ea 4 4 53 es) 255,25 “P20 
No. Equations of Condition. 
I + 1.0% + 1.88 y — 0.67 2 
2 + 1.0% —1.90y — 0.15 2 
3 1.0 1.89 0.15 
4 1.0 1.88 0.14 
5 1.0 1.83 0.13 
6 1.0 1.82 0.13 
a + TO” + 1.947 + 0.29 2, 
8 1.0 1.94 0.30 
9 1.0 1.93 0.31 
Io 1.0 1.92 0.32 
II Pele — 1.69 y + 0.89 21 
12 1.0 1.65 0.89 
13 1.0 1.58 0.90 
14 1.0 132 0.93 
15 HP LOG a OE GY sie 8239) ERI 
16 1.0 1603 1.28 
17 1.0 1.94 1.29 
18 1.0 1.94 1.29 
19 1.0 1.94 1.30 
20 + 1.0% —T1.44 ¥ + 1.92 21 
21 1.0 1.42 1.92 
22 1.0 1.40 1.93 


Normals: + 22.00% — o0.54y +15.66 2, + 23.53 2 = 


— 0.54 + 70.43 
+ 15.66 + 1.02 
Wek 3-5 3~ 3218-46 


+ 1.02 — 3.46 
+ 23-53 +34.70 
+ 34-79 +57-59 


[un] = 0.0763 [vv] =0.0130 


T+ 0.366 


Series LV: 
Distances 1893.0 Sum. Difference. 
R R = dR R 
a: 464.476 6b: 469.462 913-938 4.986 
464.561 469.405 913.966 4.844 
524 351 875 827 
535 393 -928 858 
554 BOs 881 SaaS 
524 365 -889 .S4I 
464.480 469-451 913.931 4.971 
-493 421 -914 928 
485 431 -g16 .946 
473 -400 873 5029 
464.530 469.381 913-911 4.851 
-539 344 883 805 
sb 22 36a 875 831 
-509 342 851 833 
464.462 469.388 913.850 4.926 
456 oa 72 828 .916 
483 +391 874 -908 
-454 -419 903 935 
-490 +392 882 .go2 
464.511 469.392 913.903 4.881 
Ge -406 918 894 
524 334 858 810 
913-893 4.900 
Residuals. 
R R 
+ 0.45 22 =-+ 0.086 + 0.008 
+ 0.02 2 = — 0.056 + 0.007 
0.02 — .073 — .oll 
0.02 — .042 + .020 
0.02 = hae — .062 
0.02 == OG + .002 
+ 0.08 2, =-+ 0.071 + 0.039 
0.09 + .028 — .004 
0.10 + .046 + .o15 
0.10 O27, — .004 
+ 0.79 2 =— 0.049 + 0.031 
0-79 _— -095 _— sO15 
0.81 — .069 + .008 
0.86 — .067 + .003 
+ 1.61 2 =-+ 0.026 — 0.002 
1.64 + .0o16 — .013 
1.66 + .008 — .021 
1.66 ar HORE ' + ,006 
1.69 + .002 —" 5027 
+ 3.69 22 =— 0.019 + 0.027 
3.69 — .006 + .039 
3-72 — .0g0 — .046 
R R R 
— 0.403 Solution: x=— 0.0142 Wt. 11.54 
+ 1.918 ¥ +0.0289 +0.0022 66.50 
— 0.321 2 —0.0410 +0.0118 22235 
— 0.468 2, +0.0240 +0.0073 6.09 


Prob. Error 1 Obs. + 0.229 


ae 0.0 28 


OBSERVATIONS AND REDUCTIONS. 291 


o CANIS Minoris. Series V. 


Z 
i) 


Date. id. Time. Temp. 7 . Distances 1893.0 Sum. Difference. 

i ah sm. 9 R R R R 
1892 April 30 46 a: 406.148 6: 410.639 816.787 4-491 
1892 Nov. 4 40.5 406.201 410.491 816.692 4-290 
5 28.5 203 455 .658 +252 
6 “20 SOI o7.53 -289 
ia : .187 -490 .677 -303 
12 . 2 205 -482 .687 277 
1893 April 15 : 406.147 410.548 816.695 4.401 
18 F 138 530 668 -392 
21 ISI +555 -706 +404 
25 SED Suan +514 .667 -361 
1893 Nov. 20 406.172 410.524 816.696 4-352 
ne -169 ahia2 -691 5353 
.180 +452 .632 AE 
Dec. ; 185 456 -641 271 
1894 April . 406.153 410.524 816.677 Acage 
3 130 -506 636 -370 
-128 549 .677 -421 
-164 543 -707 -379 
149 +523 672 +374 
406.191 410.487 816.678 4.296 
-147 488 -635 -341 
2-3 -198 475 673 277 


816.680 4.360 


ow ANABWN 


Equations of Condition. Residuals. 
R R 
— 0.67 2 + 0.45 22 =+ 0.131 + 0.049 


— 0.15 21 + 0.02 2, =— 0.070 -007 
0.15 0.02 — .108 —= 046 
0.14 0.02 — .o71 .009 
0.13 0.02 — .057 .002 
0.13 0.02 — .083 .025 


+ 0.29 2 + 0.08 22 = -+ 0.041 003 
0.30 0.09 -- .032 -005 
0.31 0.10 + .044 -008 
0.32 0.10 + .Oor -033 

+ 0.89 2 + 0.79 22 =— 0.008 .O71 
0.89 0.79 — {efor O71 
0.90 0.81 — .088 .013 
0.93 0.86 — .089 .025 


+ 1.27 2 + 1.61 25 =+0.01f O19 

1.28 1.64 + .016 .013 

120) 1.66 + .061 .033 

1.29 1.66 + .019 — .009 

1.30 1.69 ++ .O14 — .013 

+ 1.92 % + 3.69 22 =— 0.064 — 0.013 

1.92 3.69 — .o19 ++ .031 

1.93 B72 — .083 — .034 

R . R R 

Normals: + 22.00% + 2.01y + 15.66 2% + 23.53 %=—0.377 Solution: x =— 0.0132 Wt. 11.54 
+ 2.01 + 38.65 + 3.44 + 1.32 + 1.392 y +0.0397 +0.0039 35.91 
+15.66 + 3.44 + 23.53 + 34.70 — 0.336 2, —0.0430 +0.0152 2.30 
aiat2305 Sue toe lg 21 34.700 5750 — 0.511 Z, +0.0215 0.0094 6.03 


[un] = 0.0851 [vv] =0.0215 Prob. Error 1 Obs. + 0.295 
t= -- 0.503 ets 0.049 


to 
ie) 
S) 


Sid. Time. 


Z 
° 


Date. 


1892 April 30 
May 


1892 Novy. 


Cx Au fp Wn 


1893 April 


Corrected Difference. 


R 
5-316 

3312 

342 


5-380 
391 
370 
-402 
389 


5.268 
298 
306 
305 
2294 
.269 


I 
2 
3 
4 
5 
6 
7 
8 


51359 
376 
348 
368 


5-340 


Normals: + 18.00x — 


Ba eb O + 54-05 
+ 2.82 + 4.34 


[22] = 0.03051 


a Canis MINORIS. 


Temp. Im. 


45-5 
67 


3 
3 


PARALLAX OF FIRST MAGNITUDE STARS. 


Series VI, 
Distances 1893.0 


R R 
@: 261.937 &: 256.621 

.928 616 

943 601 


256.5384 
507 
557 


“073 
-560 


261.964 
.948 
926 
“Oo 
“949 


256.641 
.621 
-631 
-616 
-609 
-630 


261.909 
.919 
937 
Q2r 
903 
.899 


261.958 
057 
-950 
033 


256.608 
581 
602 


“505 


Equations of Condition. 


—1.82y 


1.80 
1.78 


+1.78 9 


Uh 
1.76 
1.72 
ryt 


1.82 y 


1.83 
1.84 
1.84 
1.84 
1.78 


1.61 y 


1.58 
1.52 
1.31 


R 
159y +2.822 =—0.046 


+ 4.34 
+ 5.26 


iy ibe) 
10,0117, 


[vv ] = 0.00365 


TS 0.294 


— 0.67 2 
0.66 
0.65 


— 0.152 
0.15 
0.14 


0.13 
0.13 


+ 0.29 2 
0.30 
0.31 
0.31 
0.32 
0.35 


+ 0.89 z 
0.89 
0.90 
0:94 


Solution: x =+ 0.0032 
Dei OO282 
Z —0.0241 


Prob. Error 1 Obs. + 0.133 


“ul 
+ 0.019 


R 


+ 0.0015, 
st 0.0052 


Difference. 


R 
5-316 
312 
+342 


5-380 
331 
-369 
-402 
-389 


5-268 
-298 
300 
305 
2204 
-269 


57399 
376 
348 
-368 


Residuals. 
R 
—O,O00L 


— .006 
+ .024 


— 0.008 
— .007 
— .O17 
+ .016 
+ .003 


— 0.026 
+ .004 
=O 
+ .OL2 
+ .oor 


— .024 


— 0.009 


+ .018 
— .009 


= .O1F 


Wt. 16.18 
49-54 
4-43 


OBSERVATIONS AND REDUCTIONS. 293 


o Canis Minoris. Serzes VT. 


FA 
iS 


Date. - Temp. Im. St. Corrected Distance. 


1892 April 30 
May 


* 


1892 Nov. 


Cw ANA WHwN HR 
Nr ANA wont 


— 


1893 April 


Nw 
me OO 


NN 
Dur w 


ON DAU pf WN He 


Normals : 
+ 0.87 
+ 2.82 


44-5 
66.5 
48.5 
49-5 


3 
3 


Equations of Condition. 


+ 0.96 y 
0.94 
0.92 


—o0.96 y 
0.96 
695 
©:93 
0.92 


+ 1.00 y 
1.00 
099 
299 
0.98 
2:93 


—0.85 y 
0.83 


0.79 
0.65 


+ 15.34 


— 2.19 


— 2.19 


+ 5.26 


— 0.672 
0.66 
0.65 


— 0.15 2 
0.15 
0.14 
0.13 
0.13 


+ 0.29 2 
0.30 
0.31 
0.31 
0.32 
O-35 

+ 0.89 2 
0.89 
0.90 
C94. 


R 


+ 18.00% + 087y + 2.822 =-+ 0.0229 


+ 0.2528 
+ 0.0085, 


Distance 1893.0 
R 


b: 51.9508 
-9622 
9576 
9532 


51.9314 
9237 
9234 
9271 
-9438 


51.9762 
9794 
.9620 
9716 
9775 
+9645 


599552 
9326 
9282 


-9476 


Sum, Series VI. 


R 
518.558 
CAs 
544 


518.548 
cS) 
483 
548 
09 


518.550 
540 
568 
2537 
512 
529 


518.566 
538 
aCe 
-498 


518.535 


Residuals. 
R 

— 0.0102 
+ .0029 
— .0015 
+ 0.0010 
.0034 
.0008 
-OO4I 
-0164 


0.0060 
.OOII 


.0027 
-OT12 
.0029 


P++]++ 41 


hee 


0.0109 


.0093 
-O159 
+ .0060 


| 


R R 


Solution: x=— 0.0011 


y +0.0180 


+ 0.0016 


2 +0.0097 + 0.0028 


R 
51-9485 

9613 

-9567 


— 
° 


51-9301 
9257 
9286 
.9258 
9464 


51.9747 
-9699 
9587 
9714 
9798 
-QO651 

51.9521 
9323 
9265 
9513 

51.9490 


-O100 


Wt. 16.19 
14.18 
4-47 


[un] = 0.00578 [vv]=o.00118 Prob. Error 1 Obs. + 0.076 


“a “at 
37 —=+0.228 +0.020 


294 


6 GEMINORUM. 


Date. 


1885 Oct. 


1886 April 


1886 Oct. 
Noy. 


Series L. 


PARALLAX OF FIRST MAGNITUDE STARS. 


Distances 1886.0. 


R 
a: 288.706 
-650 
-710 
718 
725 


288.703 
671 
is 
.698 
671 
-693 


288.711 
-691 
7a 
.726 
a7 Ed 


Equations of Condition. 


+1ox +1900y — 
1.0 1.90 
1.0 1.89 
1.0 1.87 


1.0 1.85 


+1.0x + 
I.0 
1.0 
rI.o 
I.O 


1.0 


— 1.90” 
1.90 
1.88 
1.87 
1.83 
1.80 


LVormals : 


R 
+ 16.00% + 7.027 + 4.862 =—0.002 


+ 1.82 
=r LIS) 


a2 AOR 
+ 4.86 


+ 0.268 
+ 0.046 


+ 54.07 
+ 1.82 


[zz] = 0.00824 [vv] = 0.00596 


t+ 0.068 


0.24 2 
0.24 
0.21 
0.19 


0.19 


0.28 2 
0.29 
0.30 
0.30 
0.32 
0.32 


0.76 2 
0.81 
0.83 
0.85 
0.87 


Solution : 


R 

b: 287.612 
563 
.632 
-681 
615 


287.648 
-589 
-612 
-633 
-613 
-634 


287.625 
-603 
613 
-632 
612 


R 
x =— 0.0074 
J + 0.0054 
2 + 0.0181 


Prob. Error 1 Obs. + 0.182 


at: 0.028 


Sum. 


R 
576.318 
7202 
342 
Pele) 
340 


576.351 
.260 
°327 
*331 
.284 
°327 


576.336 
-294 
*354 
358 
326 


576.322 


Residuals. 
R 

+ o.o1!1 
.004 
-005 
.046 
027 


O15 
-O12 
BOSS 
005 


-013 


O12 


R 


+ 0.0020 
+ 0.0087 


Difference. 
R 
1.094 
-087 
.078 
037 


-IIO 


+055 


.082 
-103 
-065 
-058 
-059 


.086 
.088 
.128 
-094 
-102 


1.083 


Wt. t0.01 
51.00 
ea 


\ 


No. 


ma BW N 


eH OO OND 


Laan! 


12 
13 
14 
15 
16 


OBSERVATIONS AND REDUCTIONS. 


6 GEemInoRuM. Series IT. 


Date. Sid. Time. Temp. Im. St. Distances 1891.0. 
h. m, ° R R 
1890 April 7 Bia BE 38.5 2 2-3. @: 484.953 8. 497-955 
rie FO oD 39 3 2—3 955 948 
20 10 638 45-5 2 2-3 937 937 
May 8 Fi 24 46.5, 2 2-3 939 935 
22 ire <8 51-5 1-2 2 944 -939 
1890 Oct. 17 3 29 45-5 2 3 484.975 498.049 
25 i age 3 36 t=2) 4 1=2 5-017 8.011 
27 Bei30 39 2 2-3 4.988 7.966 
oe S195 4° 2 2 4-997 (Ss 
30 3 36 36 2 2 4-974 7-978 
Nov, 4 Boh 20,5 I=2 = i—2° > 4-998 7.988 
1891 April 17 EE 3 46.5 2 2 485.001 497-965 
1) FOR OE De SS gam} 3 4-931 eae 
BOS Ee] Bae 2S eS 4.958 953 
21 10 59 47 I-2 2 4.933 -948 
24 iy TR 48.5 2 2 4.948 945 
No. Corrected Difference. Equations. of Condition. 
R R 
I 13.005 LO4 1.902) —/o.72.2) - = 0.005 
2 12.996 1.0 1.92 0.72 — .004 
3 13.007 1.0 I.QI 0.70 OO 
4 13.003 1.0 1.76 0.65 + * .003 
5 13.001 1.0 1.52 0.61 + .0Oor 
6 13.062 +1.0% —ToI1y —o0212 =+ 0.062 
7 12.979 1.0 1.90 0.20 —.021 
8 12.975 1.0 1.87 0.18 — .025 
9 12.971 1.0 1.85 0.17 — .029 
10 13.001 1.0 1.84 Osby, + .0o1 
II 12.983 1.0 1.80 0.15 — .O17 
12 12.959 +LO¢ ++ 1.92) --—- 0.29% =— 0.041 
13 13.018 1.0 1.91 0.30 + .018 
14 12.998 1.0 1.91 0.30 — .002 
15 13.021 "1.0 1.91 0.30 + .o21 
16 13.001 1.0 =.9o 0.31 + .oo1 
13.000 
R R 
Normals: + 16.00% + 7.41y — 2.992 =— 0.020 Solution: x = — 0.0029 
+ 7.41 +.55-51 — 1.32 + 0.067 Bis + 0.0015 
— 2.99 — 1.32 +- 2.97 — 0.009 z — 0.0054. 


[un] =0.00859 [vv] =0.00843 Prob. Error 1 Obs. + 0.218 


© 


t=-+ 0.019 ae 0.030 


Residuals, 


R 
+ 0.001 


a 


O° 


.008 
-003 
.000 
.002 


.067 
.016 
.020 
.024 


.006 


-O12 


.039 
-020 
-000 
.023 
.003 


+ 0.0024 
= OOnEr 


295 


Difference. 
R 
13.002 
I 2.993 
13.000 
12.996 


12.995 


13.074 
e204 
12.978 
12.976 
13.004 
12.990 


12.964 
13.010 
eri Se 
13.015 
SY | 


296 PARALLAX OF FIRST MAGNITUDE STARS. 


8 GeminoruM. Series £1. 


Distances 1891.0. Sum, Difference. 
h, m. R R R R 

1890 April 34 : 285.461 6b: 340.756 626.217 55-295 

15 ‘ 458 .697 Doc 239 

10 : 470 743 213 278 

May 48 454 “715 «169 261 

26 : 443 738 181 295 


Date. Sid. Time. 


1890 Oct, : 285.510 340.752 626.262 55-242 
457 pee “179 267 
-468 737 +205 .269 
477 -740 27 263 
-490 734 -224 244 
-488 749 +237 261 


340.748 626.228 55.268 

A0Cm ie °744 +204, -284 

.476 She gi S228 soe 

453 753 +211 295 
746 219 


626.209 


Corrected Difference . Equations of Condition. Residuals. 
R 


R 
55:294 +tox +1647 —0.732 + 0.019 


244 1.0 1.65 0.72 .031 
273 1.0 1.65 0.70 : — 1 O02 
265 1.0 1.55 0.65 : Ko} fo) 
297 1.0 1.38 0.61 : 022 


55-237 
.270 
.269 
-262 
243 
259 


+1 +++] 


55-266 
.284 
270 
295 
Sie 


55-269 


Pasta 


R R 
Normals: + 16.00% + 642y — 2.992=-— 0.004 Solution: * = — 0.0022 WE, Eerao 
+ 6.42 + 41.40 @— _ 1.09 + 0.229 y  +0.0060 + 0.0018 38.82 
2.00 — OO a 2.07 + 0.007 2 + 0.0021 + 0.0071 2.41 


[zz] = 0.00484 [vv] = 0.00343 Prob. Error 1 Obs. + 0.139 


au NM 
wt=-+0.076 + 0.022 


OBSERVATIONS AND REDUCTIONS. 297 


« Leonis. Serzes I. 


Sid. Time. emp. t St. Distances 1886.0, 
oni R R R R 
49 2-3. -@/ 455.772 bs 324.174 €: 395.178 a: 476.958 
2-3 816 -140 189 974. 
2 -796 -158 RUZ 963 
2 787 -166 -165 .969 


455-804 324.142 . 476.955 
812 ake : 951 


823 -119 - -933 
-810 piivips ; 975 


1886 May 455-806 324.118 ; 476.990 
.800 181 : 6.997 
805 161 ; 6.990 

June 737 Bey : 7.014 


1886 Dec. 5 ; : 455-825 324.117 ; 477-005 
817 -096 : 6.932 
794 -146 ‘ 6.988 


Sum. Difference. Corr. Half 
atétectd (c+d)—(a+2) Difference. 
R 


Equations of Condition, Residuals. 


R 


R R R 

165 2.082 92.190 46.095 +1.92y —0.66% =—0.000 + 0.002 
-119 -207 -102 : 1.97 0.64 + .007 + .009 
.089 «181 .090 : 1.98 0.61 — .005 — .003 
-087 181 .0g0 : 1.95 0.60 — .005 — .003 


1652.022 .I30 46.066 —1.92y —0.15% =—0.029 — 0.008 
2.087 -199 -098 ‘ 1.94 0.11 + .003 + .023 
1.987 -103 -054 é 1.91 0.09 — .O41 — 7.020 
2.009 -165 .084 ¢ 1.88 0.07 — .OIL + .007 


1652.085 eo 46.118 +1997 +0372 =+0.023 + 0.005 
-070 -208 -104 : 1.99 0.38 + .009 — .009 
-080 148 .O74 : 1.98 0.40 — .021 — .o40 
ah32 +314 155 : 1.92 0.41 + .060 “- .042 


1652.089 92.205 46.102 —1.88y +0.92% =-+0.007 + 0.007 
1.972 -146 .076 ‘ 1.84 0.93 — .o19 — .020 
2.106 .226 SL I2 ; 1.83 0.94 + .017 + .0o16 


1652.069 46.095 
R R 
Normals: +15.00% + 250y +1.42 Z2=—0.005 Solution: x= — 0.0034 Wt. 14.19 
+ 2.50 + 55.72 — 6.19 +0.272 y +0.0073 +0.0021 46.59 
--+- 1.42 — 619. +4.83 + 0.043 &~ -— 0.0190 _~+:0,0073 3-76 
[nn] = 0.00810 [vv] = 0.00532 Prob. Error 1 Obs. to. 179 


t= + 0.093 + 0.026 


298 


ao Leonis. Series IL, 


Date. 
R 


@: 311.330 

‘305 
17 . 333 
18 395 
29 378 


1889 May 15 
16 


311.398 
-402 
S19 


393 
418 


311.363 
Pw 
-376 
415 


1890 May 


Corrected Difference. Equations of Condition, 

— 0.63 2 
0.63 
0.63 
0.62 


0.59 


R 
89.279 
292 
283 
306 
°375 


1.73 
1.73 
1.73 


1.73 
Ayre 


1.60y —0.072 
1.58 0.07 
1.56 0.06 
1.54 0.05 
1.46 0.03 


89.356 
342 
357 
353 
-348 


1.73 + 2.392 
1713 ©:39 
172 0.40 
1.73 0.40 


89.330 
Aut! 
325 
350 


89.330 


R 
— 1.802 =— 0.013 
+ 2.21 + 0.370 
+ 2.58 + 0.065 


Normals: + 14.00% — 7.48 y Solution : 
— 7.78 + 38.62 


— 1.80 + 2.21 
[mz] = 0.01204 [vv] = 0.00695 


m= + 0.124 28 0.037 


¢ 


Oa 
- 
2 


PARALLAX OF FIRST MAGNITUDE STARS. 


Distances 1890.0. 


R 
b; 222.058 
.072 
057 
-O81 
O10 


.OAI 
2055 
-026 
+040 
-062 


.038 
O61 
.O51 


058 


R 
— 0.051 
— .038 
O47 
.024 


1045 


0.026 
.012 
.027 
023 


.o18 


R 
+ 0.0073 


Prob. Error 1 Obs. + 0.216 


Difference. 


R 
89.272 
a> 
-276 
314 
-368 


-476 
388 


89.357 
+347 
1353 
-353 
-356 


533-439 
457 
405 
433 
-480 


89-325 
°3it 
-325 
357 


533-401 
-433 
-427 
-473 


533-439 


Residuals, 
R 
= 0.027 
—. .014 
-023 
-00O0 


.067 


0.004 
-009 
.005 


R 


+ 0.0098 + 0.0029 
+ 0.0216 + o.o11I 


Date. 


1889 May 15 
16 
<5 
7 


1890 May 22 
24 
ee 
ef, 


Sum. 


ats+c+d 


R 
1286.665 
.642 
730 
-649 


1286.813 
847 
688 
78 
5704 
808 


CoO ON OM 


1286.681 
.663 
-700 
730 


1286.734 


LVormals : 
+ 4.83 
— 1.24 


(c+4)—@+4) 


+ 14.00 x 


OBSERVATIONS AND REDUCTIONS. 


e Leontis. Series LT. 


.076 
.089 
.058 


348.118 
.120 
.023 
.076 
.088 
=O? 


.086 
O51 
.077 
107 


Difference. Corr. Half 


Difference. 


+ 1.78 y 
1.78 
1.78 
1.76 


R 

32.735 + 1.0% 
-765 1.0 
832 1.0 
834 1.0 


R 
65-467 
526 
.664 
665 


—1.65 y 
1.63 
1.60 
1.58 
1.47 
1.43 


65.607 
613 
724 
Coes 


677 
.486 


32.801 + 1.0% 
803 1.0 
863 1.0 
797 1.0 
838 1.0 


741 1.0 


+1.78y 
1.78 
eg! 
1.76 


32.796 + 1.9% 
.858 1.0 
828 1.0 
818 1.0 


32.800 


R 
— 1.24 =-+ 0.109 
ERE + 0.041 
+2123 + 0.058 


+ 4.83 y 
+ 39.80 

ace tL fame 
[xm] = 0.02101 [vv]=o0.01799 Prob. Error 


t=+ 0.009 eo 0.056 


Distances 1890.0. 


R 

b: 262.456 
.482 
444 
434 


262.485 
“497 
“459 
seh 
“455 
.462 


262.460 
424 
.446 
-440 


Equations of Condition. 


— 0.63 2 
0.63 
0.63 
0.62 


— 0.072 
0.07 
0.06 
0.05 
0.03 
0.03 


Solution : 


0.03 22 


1 Obs. to. 


R 
6218 T1s2 
oe! 
181 
-178 


-193 


.201 
-211 
-180 
-IQt 
183 


-185 
-IQI 
204 
184 


R 
=— 0.065 
a +035 
+ .032 
+ 034 


=-+ 0.001 
+ .003 
+ .063 
— .003 
+ .038 
— .059 


=— 0.004 


+ 0.0044 
+0.0188 


3 46 


R 


! 494.914 


Aa eS 
5-016 


4-979 


495-017 
5.029 
4-995 
5.004 
5-029 
4.964 


494-950 
997 
973 
-999 


Residuals. 


Wt. 12.86 


37:87 
De kik 


300 PARALLAX OF FIRST MAGNITUDE STARS. 


oa Leonts. Series IV. 


Distances 1893.0 
R 


R I R R 
a: 455-718 b: 539-743 Cel AyGi102 Lae 495057 
-691 684 092 205 
-642 654 .061 -063 
699 696 075 .O4I 
673 685 -109 -089 


455-670 539-786 476.087 495-070 
: oye ‘059 -o61 
7197 -158 081 

-709 126 Og 

-694 -099 -o71 

701 070 033 


1893 May 539-73! 476.102 495-057 

: “741 -087 -086 
2-3 -700 -128 .042 
2-3 ’ yf .O41 .060 
2=3 


june -695 092 -084 


Sum of Distances Differences Corr. Half- : 
(a+4)+(c+d). (@+6)—(+4+¢d). Difference. Equations of Condition. Residuals. 
R R R R 
1966.620 24.302 12.150 +10” —184y —0.662 + 0.037 


525 225 -Li2 1.0 : : : — .oo1 
.420 “172 .087 1.0 — .026 
-511 -279 1 Gi) 1.0 : ; : = ODT 
550 -160 .080 1.0 — .033 


1966.613 24.299 149 + 1.0% +1729 —0.052 
+540 +300 -150 1.0 1.66 0.04 
703 225 ie 8 1.0 1.59 0.03 
577 -143 .O71 1.0 1.56 0.02 
554 .214 otOy/ 1.0 1.55 0.02 
464 .258 -129 1.0 1.52 0.01 


0.029 
+030 
-009 
-049 
-013 
+009 


[++ 


0.002 
.008 
-009 
.028 
.024 


1966.577 24.259 .129 +10ox —189y +0.382 
617 27% Snes 1.0 1.89 0.38 
577 237 -118 1.0 1.88 0.39 


cytes 309 155 1.0 1.88 0.39 
558 206 +103 1.0 1.84 0.41 


[+144 41 


1966.558 12.120 


R R 
Normals; + 16.00% — g.i12y —1.462 =+0.006 Solution: x=-+ 0.0012 Wt. 
— 9.12 + 50.35 + 2.10 — 0.012 y —0.0005 +0.0028 
— 1.46 + 2.10 + 2.84 + 0.032 Gero Se oye i siyil 


‘ [un] = 0.01034 [vv]= 0.00984 Prob. Error 1 Obs. + 0.235 


r= 0.007 = 0.038 


OBSERVATIONS AND REDUCTIONS. 301 


o Leronis. Series V. 


Sid. Time. St. Distances 1893.0 


R 


R R 
GS-S24,005 2 ic 3E1. 3320 -es 222 071 


R 
BS @: 395-247 


E=2 
2 
2 


1893 May 


June 1 


Corr. Half- 
Difference. 


Difference 
(2+ 6) —(c+¢). 
R 
17-979 
17.990 
18.010 


17-993 


Sum of Distances 


(@+8) + (c+). 


+ 1.0% 
I.0 
1.0 
1.0 


R 
8.990 
8.995 
9.005 
8.996 


R 
1252.695 
-708 
718 
761 


/1252.819 
‘747 
697 
-796 
729 
672 


17.889 
17.9OL 
175615 
17-942 
17.899 
18.022 


I1.0X% 
I.0 
I.O 
1.0 
1.0 
1.0 


8.944 
8.950 
8.958 
8.970 
8.949 
9.011 


1.0% 
1.0 
1.0 
I.0 
I.O0 


8.974 
8.996 
8.949 
8.989 
8.994 


8.975 


17-947 
17.992 
17.898 
17.980 
17.990 


1252.679 
754 
-776 
816 
-790 


1252.744 


R 
= 110,046 
Ong 
— 0.039 


— 0.80 2 
+ 0.89 
ae Bt 


Normals: + 15.00 x 
noi, 


= — 0.80 


Sauce, 
+ 45-03 
+ 089 


[un] = 0.00748 [vv] =0.00463 


3-998 351 
4-025 Soo 
4.026 351 


311.358 
°327 
°333 
350 
271 


"305 


323-996 
3-997 
3-973 
4.013 
4-043 
4.042 


324.001 
3-995 
3-985 
4.024 
4.032 


BVE-gt2 
378 
eae 
*374 
358 


Equations of Condition. 


— 0.65 z 
0.65 
0.65 
0.63 


=+ 
+. 
4. 
+ 


— 1.83 9 
1.84 


1.85 
1.86 


+ 1.68 y 
1.62 
1.53 
1.50 
1.48 
1.45 


— 0.05 2 
0.04 
0.03 
0.02 
0.02 


— 1.86 y 
1.86 
1.85 
1.85 
1.83 


Ni Oe Oe 
y  —0.0070 


Solution : 


Prob. Error 1 Obs. + 0.168 


r= — 0.089 + 0.026 


095 
-OgI 
-100 


-167 
107 


-0907 


R 
0.015 
.020 
030 
021 


=— 0.031 


.025 
.O17 
.005 
.026 


+ 0.0021 
Z 0.0139 + 0.0086 


.204 
263 
284 


395-390 
256 
284 
oi 
285 
.228 


395-247 
281 


+300 
-290 


+277 


Residuals. 
R 

— 0.006 
-OOL 
.009 
-000 


0.019 
.013 
005 
.006 
.O1s 


1047 


— 0.007 
-O14 
032 
.008 
.013 


Wt. 


PARALLAX OF FIRST MAGNITUDE STARS. 


Distances 1886.0. 


302 
« Bootis. Serzes . 
No. Date. Sid. Time. Temp. Im St. 
h. m. ° R 
t 1885 July ro iy Lo 68 2 2-3 @! 427.023 
2 II 16 43 69 2-3 «2-3 .00 
3 15 16 39 70 2 2-3 .006 
4 16 16 35 73 2 2-3 .004 
5 18 D7 AY 74 2-3 2-3 .O17 
6 1886 Jan. 19 Rome () 29 2-3 2 426.986 
7 26 1122 29:5 2-3: 2-3 7.002 
8 30 lon 27 23 RaG B=) .007 
9 Feb. 8 To 37 20.8 3 2-3 .006 
10 14 fo=8G 20.5 23522 .032 
Tres Osy Slane ZI 9-20 23 2-3 2-3 427.014 
12 Hie Deer i iil 28 3-4 3 .042 
1122 16 TE 88) 40 2-3 2-3 -053 
14 25 105 0 15 2-3 2 BRE 
15 1887 June 23 7. 332 65.5 2 2 427.039 
16 July 1 17 30 71 2-3 2-3 .057 
17 17 40 70 — — -056 
18 II rae 7X 2-3. 2-3 -056 
No. Corrected. Difference. Equations of Condition. 
R 
I 31.178 +rox —189y — 0.482 
2 -I61 1.0 1.90 0.47 
33 181 1.0 1.92 0.46 
4. -169 1.0 1.93 0.46 
5 -193 1.0 1.93 0.45 
6 31.153 +1ox + 1.889 + 0.052 
7 -171 1.0 1.87 0.07 
8 .170 1.0 1.85 - 0.08 
9 -167 1.0 1.79 O.II 
10 -181 1.0 1.72 0.12 
II [31.074 +1.0% +188 y + 1.052 
12 e2eiL 1.0 1.86 1-20 
13 .202 1.0 1.70 1.83 
14 -198 T.0 1.54 1.15 
15 31.205 Ti-OX —L75y + 1.494 
16 259 1.0 1.81 1.50 
17 .180 1.0 1.85 Tha 
18 222 10> 1.91 1.53 
31.189 
R 
Normals: + 17.00% — 268y + 7.63 2=+ 0.008 Solution : 
— 2.68 + o84.08 — 0.06 —= 0.157 
+ 7.53 — 0.06 + 14.02 + 0.258 


b: 


| 
+l ++ +441 


R 
395-345 
.846 
.826 
.836 
825 


395-835 
832 
838 
.840 
-850 


395-937 
AoWeit 


850 
-837 


395-834 
-798 
874 
833 


x = — 0.0107 


oy 
z 


= 0.0022 
+ 0.0240 


[zz] = 0.01224 [vv] = 0.00566 Prob. Error 1 Obs. + 0.170 


“ “ 
v= — 0.040 + 0.023 


Sum. Difference. 
R R 
822.868 31.178 
852 160 
832 -180 
.840 -168 
842 192 
822.821 Singin 
834 -170 
845 -169 
-846 .166 
882 .182 
822.951 31.077 
853 231 
903 203 
872 -198 
822.873 31.205 
855 +259 
-930 -182 
889 223 
822.861 
t 
Residuals. 
R 
++ 0.005 
— .oI2 © 
007 
— .004 
+ .o1Ig9 
— 0.020 
— .003 
— .004 
— .008 
a= seis 
— 6.123] 
= .032 
+ .002 
— .003 
— 0.015 
+ .039 
— .040 
OO 
R 
Wt. 12.83 
+ 0.0018 56.52 
xt 0.0041 10.66 


No Date. 
r 1885 July 
2 
3 
4 
: 

6 1886 Jan. 
7 

8 
9 Feb. 

Io 

Dieeer OS 7m An. 

r2 Feb. 

13 
14 
15 

a6" 1837 June 
hive July 

18 

19 


Z 
5 


CO OND UNBPWNH 


OBSERVATIONS AND REDUCTIONS. 


Sid. Time. 

h. m. 

Str 55 
It 7 12 
15 me 13 
20 tT -59 
23 1? 615 
19 TOmELO 
30 tO. 3 
31 TOmn 7 
2 Tomer 
15 10° 37 
2a 9 44 
II Or EF 
24 ie i1(6) 
25 reo Dy 
27 FOr = 39. 
28 £6" Ss 
I ry 12 
5 Gp Boi 
So PR 45 


Corrected Difference. 


R 
16.473 
.468 
.462 
453 
-470 


16.484 
-479 
458 
525 
491 


16.509 
ATT 
-459 
a2 e 
510 


16.504 
464 
494 
OT 


16.484 


R 
Normals: + 19.00% + o72y + 9.78 4=— 0.004 


=. 712 
+ 9.78 


+ 58.35 
te 3s] 2 


[zz] = 0.00896 [vv] =0.00651 


t= 0.0447 


Prob. Error 1 Obs. + 0.173 


ate 0.023 


393 
« Boots. Series L/. 
Temp. Im. St: Distances 1886.0. Sum. Difference. 
6 R R R R 
72 2-30 2-3 @: 375-428 B= 358.955 =. 73.4383. 16.473 
67 2-32- 2-3 -429 961 390 -468 
68 2 2-3 .420 958 378 - .462 
72 2 2 424 971 395 453 
73 2 2 -429 -959 -388 “47° 
eC SY Ss Se 375-404 358-921 734.325. 16.483 
24> (8-3 2-3 -436 ‘957 393 -479 
27 2 2 .426 .968 394 -458 
16 — — -448 923 “B71 525 
EU Ui Tei tee) neat “425 935 -360 -490 
oe ee a ee 375-456 358-947 734-403 16.509 
Bors Sh On 8 -414 944 -358 -470 
28 2-32 2-3 -406 948 354 -458 
15 23 2 -463 942 -405 521 
17 2 2-3 400 .892 292 508 
65-5 2 2 375-478 358-973 734-451 16.505 
ms 2-3 2-3 42 ' 964 392 -464. 
Pee ak at -475 -980 “455 -495 
75 2 2 481 .982 463 -499 
734-387 
Equations of Condition. Residuals. 
Re R 
+102 —1897 —0482 =—o.0I1 + 0.002 
1.0 1.91 0.47 — .o16 — .004 
1.0 1.93 0.46 —.022 = 3007, 
1.0 1.95 0.45 — .031 — .053 
1.0 1.95 0.44 — O04 + .004 
+1.0%° +1907 +0052 =-—0.000 — 0.001 
1.0 1.88 0.08 — .005 — .006 
1.0 1.88 0.08 — .026 — .028 
1.0 1.87 0.09 + .O41 -  .039 
1.0 1.74 0.13 ar SC 8. + .005 
hoe ->+i.gog + iog2. =-+ 0.025 + 0.013 
1.0 1.78 1.22 — .013 — 026 
1.0 1.60 1.15 — 025 — 03% 
1.0 1.58 Lips is + .037 + .025 
1.0 1.54 1.16 + .026 + .o14 
+10ox% —1.77y +1.492 =+0.020 + 0.016 
1.0 1.80 1.50 — .020 — .024 
1.0 1.86 Test + .o10 + .006 
1.0 1.89 G2 = OLS + .009 
R R 
Solution: * = — 0.0059 Wt. 13.16 
e372 + 0.253 y +.:0.90037 + 0.0018 57°35 
+ 16.48 + 0.136 z + 0.0109 + 0.0040 [t.27 
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Date. 


Zz 
° 


188< July 


1886 Feb. 


OO OND MNBPWDND HA 


1887 Feb. 


1887 July 


Aug. 


vA 
° 


OO OID NAAPWHDH 


+ 18.00 x 


1.19 
g.1I 


LVormals : 


-}- 


PARALLAX OF FIRST MAGNITUDE STARS. 


c« BOoris. 


Corrected Difference. 


R 
20.249 
243 
265 
.246 
.246 


20.254 
283 
270 
292 
.268 


20.344 
+245 
.261 
302 


20.252 
ree) 
236 
214 


20.267 


UG) SA ae Opie 
56.04 + 1.51 
ap lain sife A UsyxeX8) 


Series ILL. 


Distances 1886.0. 


R 
Qs 3275689 


Sey by 2) 
Oh) 


.699 
.689 


Equations of Condition. 


1.81 y 
1.84 
1.84 
1.85 
1.87 


Leiba 
is}4 
eyes 
Lo72 


1.68 


1.76 


='— 0.007 
Owe 
+ 0.079 


[2] = 0.01823 [vv] = 0.01511 


+ 


Solution : 


Prob. Error 1 


m—=+ 0.085 0.036 


R 
b: 307.438 
-431 
-430 
435 
Co 1S i 


397-425 
-418 
.426 
412 
.422 


307.418 
“459 
415 
413 


397-514 
-437 
-462 
-474 


R 
== 10,0031 
ay  “FO10667 
Z + 0.0061 


Obs. + 0.270 


Sum. 


R 
635-125 
104 
125 
AES 


029 


103 
.118 
.122 


fas 


ol EE 


181 
-164 
.0go 


.128 


635.284 
.216 
-161 
-163 


635-137 


Difference. 
R 
20.249 
.242 
265 
245 
243 


253 
.282 


270 
291 
267 


345 
.246 
.260 
302 


256 
342 
+237 
i255 


Residuals. 


R 


+ 0.000 
.006 
.O16 
003 
-003 


0.022 
.007 
.006 
.016 
.008 


0.051 
037 
.O21 
-O20 


— 0.009 


4+ 


R 


+ 0.0028 
+ 0.0064 


.078 
025 
+047 


Wei te.3s 
56.16 
11.20 


OBSERVATIONS AND REDUCTIONS, 305 


a Bootis. Serzes LV. 


Z 
2 


Date. Sid. Time. 2 . 5 3 Distances 1886.0. 5 Difference. 
h ; R R R 
1885 July 16 $-260.087, --) 02-276.922 6.941 
yan. 976 ; .963 
17 991 : 945 
<7! 995 . 898 
17 988 ; 944 


1886 Feb. II 2 269.977 : 6.948 
II 976 : 895 943 
10 -990 : -Q10 .930 
10 ‘949 : 355 ‘957 
10 989 : 908 930 


oO OND npwWN & 


> 


10 270.016 : 546.950 6.918 
10 70-010 .946 926 
10 69-936 : -840 .968 
10 69.983 : 873 .9O7 


= = = 
Q Ne 


al 
- 


1887 July 18 270.018 : 546.982 6.946 


107, 69.982 : O41 EO 
17 70.016 : -908 876 


Aug. in) 70.062 : 997 873 
546.911 


a) 
Om OU 


Z 
° 


Corrected Difference. Equations of Condition. Residuals. 
R 

+ 0.002 

.024 

.007 

.040 

.006 


ae +1.61y —0.462 
.963 j 1.61 0.46 
945 : Ae ey 0.45 
898 ; 1.63 0.45 
944 1.64 0.44 


0.006 
.OOL 
.O12 
.016 


-OIT 


6.948 —1.65y Ol 2 
943 ; 1.63 0.12 
.930 1.63 0.13 
958 : 1.62 0.13 
+930 ‘ 1.56 0.15 


| 
[+)++ +4) 4+++4+ 
}+]4++ +144 


I 
2 
3 
4 
5 
6 
7 
8 
9 
fo) 


6.918 — 1.649 Li2s -=— 0. — 0.013 
.926 é 1.62 ees ie 4005 
.969 : 67 1.14 .038 
-9O7 : 154 1.16 .023 


Le 


0.028 
.060 
.040 
.044 


6.945 + 1.56 632 
OU : : EDS 
876 . 1.$5 
872 1.60 


| ++ 


6.933 


R R 

Normals: + 18.00% + o11y + 9.142 =— 0.005 Solution. x = + 0.0053 Wt. 12.70 
+ o1r + 46.75 — 1.91 — 0.119 y  — 0.0030 + 0.0029 46.40 

+ 9.14 — 1.91 + 15.85 — 0.120 2 —0.0110 + 0.0059 11.13 


[mn] =0.01470 [vv] =0.01304 Prob. Error 1 Obs. + 0.250 
t= 0.038 Se 0.037 
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PARALLAX OF FIRST MAGNITUDE STARS. 


a Boots. Series V. 
No. Date. Sid. Time. Temp Im. St. Distances 1886.0. 
h. m, ° R R 
ies 16557 jay ot iy a 56 2-3. 2-3 a: 288.094 «=O: 223.512 
2 3 cy ee 61 2 % -094 521 
3 5 16 40 67 2-3 2-3 ILI .489 
4 eee hase hs i see aa Po -O71 -495 
5 10 gf. ite 69 2-3. 2-3 .074 520 
6 1886 Jan. 19 g 46 30.5. 2=3 2 288.070 223.470 
7 26 10 59 30 2=3, 2-3 .072 -437 
8 30 9 40 ca eae Fas eaten .083 -473 
9 31 9 41 27-5 2 2 039 -478 
10 Kebs 2 Lome 7 16 — — .063 -463 
II 8 10 13 30 3 2-3 -082 465 
12.9 .19886 July 7 17 48 73 2-3 2-3 288.136 223.446 
ig 8 ty) AP 70 2-3 2-3 rLO7 -488 
14 Il 7a 65 2 2 -094 -494 
15 4 1 fee ole, 62.5 2-3 2-3 ee 519 
16 IS selqe 943 7° 3 3 +103 -5°7 
17 20 17 ety, 68 2-3 2-3 .072 -491 
No. Corrected Difference. Equations of Condition. 
R R 
I 64.578 +10% —1047 —0.502 —=-— 0.022 
2 568 1.0 1.94 0.50 O32 
5 -619 1.0 1.94 0.49 a OLO 
4 SET 1.0 1.94 0.48 — .023 
“5 a Qu 1.0 1.93 0.48 = .049 
6 64.604 +r10ox + 11.817 +005 =-+ 0.004 
7 643 1.0 a7 0.07 + .043 
8 612 I.0 1.70 0.08 + .o12 
9 -568 1.0 1.69 0.08 — .032 
10 .606 1.0 1.62 0.09 ++ .006 
1g 620 1.0 162 0.11 =| 020 
12 64.689 —1LOe — 1O4y 1- O.52.2" = 0.059 
13 -616 1.0 1.94 0.52 .016 
14 -598 1.0 1.93 0.53 — .002 
15 586 1.0 1.92 0.53 =— 9.054 
16 59 1.0 1.89 0.54 OO 
17 582 1.0 1.87 0.55 — .ors 
64.600 
R R 
Normals: + 17.00% —ILI1y + 1.222 =+ 0.008 Solution: x= + 0.0005 
—Il.1I ned ay ie! — 0.58 + 0.173 Y + :0.0034 
11.22 — 0.58 + 2.94 + 0.089 Z + 6.0305 


[zn] =0.01704 [vv] =0.01379 Prob. Error 1 Obs. + 0.266 


t=+ 0.043 a 0.038 


Sum, Difference. 
R R 
511.606 64.582 

615 -573 
-600 -622 
566 576 
2594 554 
‘511.540 64.600 
-509 -635 
-556 .610 
aa | 561 
526 .600 
“547 617 
511.582 64.690 
595 -619 
5388 -600 
-631 593 
-610 596 
563 581 
Se OY 
Residuals. 
R 
— 0.001 
— .orr 
-040 
— .002 
— 628 
— 0.004 
+ .034 
003 
— .O41 
— .003 
+ .orr 
+ 0.078 
OOS 
— .013 
— .025 
— .020 
— .030 
R 
Wt. 14.44 
+ 0.0030 50.45 
2.0.0r24 2.85 


OBSERVATIONS AND REDUCTIONS. 


a Bootis. Series VI. 
No. Date. Sid. Time. Temp Im. St. Distances 1893.0 Sum. Difference. 
h, om, ° R R R R 
I 1892 May 16 i 2A 62 2 2-3. @: 344.134 6. 256.766 600.900 87.368 
2 28 16 47 50.5 2 2 134 805 939 329 
3 B51 TOMS sis 60.5 2 2 ae -799 952 354 
4 June 2 16 47 Gorse 2 2 Ear 783 .QIO 344 
5 6 16 45 68.5 2 2 119 775 894 344 
6 1892 Sept. 26 18 50 54 3 3 344.095 256.762 600.857 87.333 
7 27 Po. 2 55 2-3 2-3 .088 Glas 861 2305 
8 23 Gy = GL 67 2 2 -109 Te 881 337 
9 29 To. 61 54-5 2 2 -109 PTE 886 332 
10 30 Lomas 61 — a nz -738 861 385 
II Oct. I 18 58 56.5 2-3 3 097 eG 854 .340 
T2 2 1O. 7.54 Zot we 3 -147 747 894 -400 
E3e1oo3.)une® 255 17 44 68 2-3 2-3 344.157 256.767 600.924 87.390 
14 18 ibigh. = 71 2-3 2-3 -122 -768 -890 +354 
15 19 gp ay GA 2-3 2-3 -149 -708 857 -441 
16 20 HO ist 75-5 2 2 .150 774 -924 376 
17 July 6 he & 65.5 2 2 169 TOE 930 408 
18 q Ej s29 66 —_ — 037 -768 905 369 
600.895 
No. Corrected Difference. Equations of Condition. Residuals. 
R R R 
I 87.367 +10% +1.00y —0632 =-+0.007 + 0.023 
2 acs 1.0 0.91 0.60 — .037 — .022 
3 -346 1.0 0.90 0.59 — .o14 + .00o1 4, 
4 342 1.0 0.88 0.59 — .018 — .003 
5 344 1.0 0.80 0.57 — .o16 — .oo1 
6 87.339 +10x —o088y —0.262 =—0.021 — 0.013 
7 .320 1.0 0.89 0.26 — .040 — .032 
8 339 1.0 0.90 0.26 — .021 — .013 
9 £333 1.0 0.91 0.25 — .027 — .o1g 
10 -390 1.0 0.92 0.25 + .030 + .038 
II -346 1.0 0.93 0.25 — .0I4 — .006 
12 -400 1.0 0.93 0.24 + .040 + .047 
13 87.386 +rox +081y +0422 =-+0.026 — 0.001 
I4 355 - 1.0 0.68 0.46 —— 00k — .033 
15 447 1.0 0.67 0.46 + .087 “= .059 
16 ele I.0 0.65 0.47 + .o12 — .o16 
o7 -403 1.0 0.41 0.52 043 —- O14 
18 368 1.0 0.39 0.52 + .008 — .021 
87.360 
R R 
LNVormals: +18.00x + 1.74y —1.90%2 =-+ 0.040 Solution: x=+ 0.0062 Wt. 16.64 
+ 1.74 + 12.12 + 0.58 + 0.082 y +0.0038 +0.0055 11.80 
=> WAS + 0.58 + 3-59 + 0.140 2 -+0.0417 40.0104 3-34 


[un] = 0.01840 [vv] =0.01188 


r+ 0.048 


Prob. Error 1 Obs. + 0.241 


ae 0.070 
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08 


No. Date. 
1 1892 May 16 
2 28 
3 31 
4 4 june = \2 
5 6 
6 1892 Sept. 26 
7 27 
8 28 
9 29 
10 30 
II Ott. 5 
12 2 
13 1893 June 5 
he II 
14 18 
15 19 
16 20 
17 July 6 
18 7 

No. 

re 

2 

3 

4 

3 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 
Normals: + 18.00 x 
+ 5-40 
— 90 


PARALLAX OF FIRST MAGNITUDE STARS. 


Sid. Time. 

he om: 
II 55 
t= 35 
17 
16 
17> 3 


18 
18 
18 
18 
18 
18 
18 


17 
16 
16 
16 
17 I 
1 Aine) 
17 


+ 1.0% 
1.0 
I.0 
1.0 
1.0 


I.0OX 
I.0 
I.O0 
I.0 
I.O 
I.O 
1.0 


+ 1.0% 
1.0 
I.0 
1.0 
1.0 
1.0 


+ 5.409 
= 5.22 
+ 0.26 


[zn] = 0.00347 [vv] = 0.00249 


e Bootis. Series VI. 
Temp. Im. St. Distance 1893.0 Sum, Series VI. 
te} R R 
61 2 2-3 95-1060 600.900 
50.5 2 2 -1165 939 
60.5 2 2 -I201 952 
66.5 2 2 -0947 -gIo 
68.5 2 2 -TO41 894 
54 a 5 95-1018 600.857 
56 2-3 5 2-3 -0997 -861 
67 2 2 -0802 881 
55.5 2 2 1147 886 
61.5 — — -0797 861 
57 2-3 2-3 .0690 854 
49-5 3 3 :0773 894 
68 2-3 2-3 95-1035 600.924 
68 — — 1248 = 
71 2-3 2-3 .0826 .890 
71 2-3 2-3 10795 857 
“Ses 2 2 .0694 * 924 
65-5 2 2 -0974 +930 
66 Si SS 10925 “905 
600.895 
Equations of Condition. Residuals. 
R R 
+0.65 y — 0.63 2 — 1 O.O0 Ea + 0.0003 
0.68 0.60 +. .0155 + .0049 
0.68 0.59 + .o171 + .0066 
0.68 0.59 — .0017 — .0122 
0.68 0.57 + .0103 + .oool 
—0.23y — 0.26 2 = + 0.0138 + 0.0148 
0.24 0.26 + .olil + .0122 
0.25 0.26 — .o116 — .OFO4 
0.26 0.25 + .0221 +. .0234 
0.27 0.25 — .0089 — 0074 
0.28 O25 — .0185 —| 20169 
0.29 0.24 — .0165 — .0148 
+ 0.63 y + 0.422 = + 0.0049 + 0.0119 
0.67 0.46 — .0106 — .0C29 
0.67 0.46 — .0085 —— O00 
0.66 0.47 — .0292 — .0213 
0.59 0.52 —  .002T + .0072 
0.58 0.52 — .0031 + .0062 
R R R 
—1.902 =—0.0047 Solution: x=— 0.0040 
+ 0.26 + 0.0072 Y +0.0063 +0.0047 
+ 3.59 10.0827 2 -—0.0173 =0.0049 


“i 
nm = + 0.080 


+ 0.060 


Prob. Error 1 Obs. + 0.110 


Corr. Distance. 


R 
95-1052 
.1095 
EEA 
.0923 
-1043 


95.1078 
.IO5I 
.0824 
-1161 
-0851 
-0755 
0775 


- 95.0989 


-0834 


.0855 
.0648 


-09 19 
-0909 


95-0940 


Wt. 11.07 


3.40 
3-20 


Or aAnNARW DN 


1885 Nov, 


Dec. 


1886 May 


June 


1886 Noy. 


1887 Dec. 


A 
9 


ON AnAW bd 


No 


WO DAWN FH COM CO 


OBSERVATIONS AND REDUCTIONS. 


+rox + 1.88 y 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


Distances 1886.0. 


oa Lyrag. Series J. 
Im. St. 
R 
3 3 Gm 206g au 
2 2 400 
2-3 2 ye: 
2 2 386 
Z 2 387 
m 2 398 
2 2 Ke) 
2238 223 -396 
2-3 2-3 208.379 
1-2 2 334 
2 2 387 
2 Zz SS) 
1-2 2 368 
es fo a 35), 
2 Z 356 
2-3 2-3 208.382 
2-3 2-3 358 
25 Orne eeTS 347 
1-2 2 .380 
I-2 2 .406 
— — 367 
2 2 208.350 
2-3 2-3 -361 
2 2-3 Ba: 
3-4 © 3-4 -360 
2 2-3 341 
1-2 B 387 
2S — 208.342 
2 _? 357 
ea = 394 


Equations of Condition. 


1.90 
1.87 
1.84 
1.83 
1.82 
1.80 
1.76 


— 0.65 z 


0.63 
0.60 
0.58 
0.58 
0.58 
ea 
0.56 


—_— 


+++++4++ 


| 
° 
0” 
ie) 
~ 


b: 


R 
206.564 
sOURT 
-574 
593 
-5QI 
-583 
597 
-580 


206.604 


ok, 
-617 
fey: 
590 
585 
584 


206.594 
-613 
625 
588 
"S13 
582 


206.587 
-606 
-607 
-605 
588 
-610 


206.588 
-589 
-618 


Sum, 
R 
414.901 
§.QLI 
4-945 
4-979 
4.978 
4.981 
4.976 
4-976 


414.983 
4.889 
5-004 
4-951 
4.958 
4.942 
4.940 


414.976 
4-971 
4-972 
4.968 
4-979 
4-949 


414.937 
4.967 
4.978 
4.965 
4.929 
4-997 


414.930 
4-946 
5.012 


414-959 


Residuals. 


| 
fe) 
as 
= 

No) 


.003 
.005 
.OO1 
.004 
.023 
-009 
025 


+) +4+4++ 1 


Difference. 

R 

1.773 
-789 
797 
793 
-796 
815 
-782 
816 


1-775 
779 
-770 
-803 
778 
SG 
IE 


1.788 
745 
720 
792 
833 
785 


1.763 
Be) 
764 
“755 
1a0 
777 


Be 
-768 


776 
1.780 
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PARALLAX OF FIRST MAGNITUDE STARS. 


a Lyrar. Series I. — Continued. 


Equations of Condition. Residuals. 


e 


+rox —1.80y —0.162 


LVormats : 


+ 30.00% 
— 2.66 
+, 3.05 


1.0 
I.O 
1.0 
1.0 
I.O 
I.O 


+ 1.0% 
1.0 
1.0 
1.0 
1.0 


R 
— 2.667 + 8.05 =— 0.060 


+ 98.97 


— 21.72 


[zn] = 0.01512 


= BNET) 


+ 20.39 


1.86 
1.86 
1.85 
1.82 
1.82 
1.80 


1.goy 
1.88 
1.88 
1.87 
1.84 
1.81 


1.82 y 
1.85 
1.85 
1.86 
1.85 
1.85 


1.50 
1.54 
1.52 


[vv] = 0.01134 


t=+ 0.034 


+ 0.483 
— 0.255 


0.13 
0.12 
0.11 
0.09 
0.09 
0.08 


0.37 8 
0°39 
0.40 
0.41 
0.42 
0.42 


0.85 2 
0.87 
0.87 
0.88 
0.89 
0.89 


Solution: x =-+ 0.0009 
y + 0.0027 + 0.0016 
z 


— 0.0099 =x 0.0037 


Wt. 26.37 
74:59 
13.76 

Prob. Error 1 Obs. + 0.174 


“i 
+ 0.020 


OBSERVATIONS AND REDUCTIONS. 311 


@ LyraE. Series IT. 


Z 
2 


Date. Sid. Time. . : : Distances 1889.0. 3 Difference. 


y h. m. R R R 
1888 Nov. 24 452 a: 442.628 6: 411.410 31.218 
Dec. 23628 639 -426 .065 21% 
22 eae .636 SuT -O13 259 
28 664 -404 .068 .260 
B2 -OS1 -434 -085 Pay 


1889 April 663 a G) 854.040 .286 
-690 Rp 067 By 

May -666 374 -040 292 

.670 414 .084 .256 

.677 3379 .056 298 

.669 399 .068 270 

-679 -426 -I05 253 

-692 -390 -082 302 

659 406 .065 253 


ow OV Mm BW N 


.652 403 854.055 -249 
.627 393 .020 234 
7057 -414 2071 -243 
.652 -4.09 061 243 
.629 -410 -039 219 


854.059 


Z 
2 


Corrected Difference. Equations of Condition. Residuals, 
R 
31.219 +1. L.7OY —'0;,09.2 5 = 
Sie 3 1.74 0 08 
.260 ; ey pit 0.08 
.260 ; 1.59 0.05 
216 : 1.57 0.05 


++] | 
{e) 
000” 

Oo pW 
WA CO 


a7 IV /iouy | OO) ae 
agiilas : 1.85 0.31 
293 : 1.90 0.34 
eG ; 1.91 0.34 
298 : 1.91 0.35 
270 : 1.91 0.35 
PIS s 1.90 0.39 
SOL 5 1.84 0.40 
253 ; 1.78 0.42 


a 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 


[+] ++1+++ 
J+) +++ 


249 186y +0842 = 
eds : 1.87 0.85, 
243 é 1.88 0.87 
SB. 3 1.88 0.87 
.220 : 1.88 0.88 


31.257 


R R R 

Normals: + 19.00% — 1.01y + 7.132 =— 0.006 Solution: x =— 0.0019 
— 1.01 + 62.68 — 1.53 + 0.763 ‘yi 0.0123 * - 10,0016 
+ 7.13 — 1.53 + 4.87 — 0.004 2 +0.0060 + 0.0049 


[un] = 0.01671 [vv] = 0.00727 Prob. Error 1 Obs. + 0.182 


ia 0.156 ae 0.023 


iS) 


PARALLAX OF FIRST MAGNITUDE STARS. 


o Lyrae. Series LLL. 


Date. Sid. Time. ; 5 ; Distances 1889.0. Sum. Difference. 
hom. R R R R 

1888 Noy. 22 @2 213.553 0 2>201.996 475-549 48-443 

Dec. 23 547 2.002 549 -455 

° 559 1-995 554 -436 

23 599 ZOE ADUD -414 

581 1.988 569 -407 


1889 April 14 213.548 261.964 475-512 48.416 
ae 557 977 : .420 
May 543 -983 ; -440 
570 .961 : -391 
564 OT ate -413 
-599 978 
566 -947 : 381 
oe “973 


213.572 262.009 
563 2.007 
562 1.997 
550 2.000 


+552 1-99] 
ATS 922 


Corrected Difference. Equations of Condition. Residuals. 
R 


R 

48.443 I.74y —0.108 : + 0.012 
455 : 1.64 0.08 : ap HOPS 
-436 : 1.62 0.08 : + .006 
-408 : 1.59 0.08 : — .022 
405 ; 1.42 0.05 5 .024 


48.420 EIoy +:0.262 = 
422 g 1.83 ORR 
442 : IES 0.34 
393 3 1.86 0.34 
+414 : 1.87 0.35 
376 : 1.87 0.35 
385 : 1.82 0.39 
+424 : 1.80 0.40 


}+ 1 +++ 


+ | 


48.434 1837 +0842 = 
-442 : 1.83 0.85 
434 : 1.80 0.87 
-45Q : 1.80 0.87 
445 i 1.79 0.88 


48.424 


= 2 


+4141 


R R 
Normals: + 18.00% + 2.37y + 6.682=— 0.004 Solution : 


= mee 7 + 56.20 + 2.17 + 0.421 : + 0.0018 
+ 6.68 + 2.11 + 4.71 + 0.029 : + 0.0088 
[un] = 0.00894 [vv] = 0.00559 Prob. Error 1 Obs. + 0.166 


t= + 0.093 + 0.022 


Pea es ee TY 


OBSERVATIONS AND REDUCTIONS. 


Date. Sid. Time. 

: h. m 

1892 April 19 14 4I 
23 m4, 5 

24 14 12 

25 14 15 

26 14 28 


Corrected Difference. 


R 
56.787 
-863 
821 
fap 
Ley) 


56.813 
828 
826 
-789 
-786 
154 


56.772 
.806 
.876 
.801 
848 


56.810 


Normals: + 16.00% 
+ 2.65 
— 2.95 


+ 2.65 
+ 33-72 
— 0.96 


[un] = 0.01712 


a LyrAE. Series IV. 


Distances 1893.0 


R 

5: 403.790 
.766 
-764 
‘789 
419 


R 
a: 460.578 


403.758 
-748 
-763 
-778 
794 
778 


403.780 
787 
744 
808 


772 


Equations of Condition. 


+1.56y —0.702 
1.47 0.69 
1.45 0.69 
1.43 0.69 
I.41 0.68 


I-79Y —0.232 
B77 0.23 
7:3 0.22 
1.70 0.22 
1.61 0.20 
1.51 0.18 


+114y +0.352 
1.12 0.35 
1.09 0.36 
1.06 0.36 
1.03 0.36 


R R 
— 2.952 =—0.002 Solution: x= -+ 0.0009 
— 0.96 + 0.161 + 0.0050 
+ 3.28 + 0.025 ae 


[vv] = 0.01617 


n=-+ 0.063 + 0.082 


Prob. Error 1 Obs. + 0.301 


Sum. 


R 
864.368 
397 
350 
349 
368 


864.327 
322 
5 
-344 
“375 
“oy 


864.330 
381 
364 
421 
394 


864.359 


Difference. 


R 
56.788 
865 
-822 
oF7at 
818 


56.811 
.826 
825 
788 
Gite! 
Sat 


56.770 
.807 
876 
805 
850 


Residuals. 
R 


—o. 
.052 
-O10 


025 


-040 


.006 


.013 


.028 


.026 


OIL 
sO15 


R 


+0.0041 
0.0099 40.0144 


313 


314 PARALLAX OF FIRST MAGNITUDE STARS. 


o LyRAE. Sertes V. 


Date. Sid. Time. i E 5 Distances 1893.0 Sum. Difference. 
: m. R R R R 
1892 April 19 16 Oi 322-240. Oi 432320 754.570 110.090 
23 43 = +239 283 522 044 
24 51 202 his 517 “113 
De 57 : -220 287 507 -067 
26 10 243 281 524 .038 


Ri 193 257 754.480 110.094 
Bi d BG 306 541 .O71 
15 : 2227 323 550 .096 
.187 Bat 498 -124 
235 .260 -495 -025 
256 31k 566 056 


-235 Soo 754-544 110.074 
+255 +314 -569 -059 
265 318 583 .053 
278 330 603 -057 
+245 «330 “575 085 


754-540 


Corrected Difference. Equations of Condition. Residuals. 
R R R 

110.086 1.0.4 © — 1:40 ¥ —— 0.702.) (= 0.094 + 0.014 

.047 1.0 1.40 = 009 — .026 

116 1.0 1.38 0.69 : + .043 

.072 1.0 Tie RE 0.68 : — .OOo1 

-040 1.0 Be 0.68 : — O28 


110.103 -tr10x +1.08y : : + 0.022 
O71 1.0 1.98 é é — .O10 
-095 1.0 1.97 = .OL4 
-130 1.0 10) ae : : -+- .049 
:032 1.0 1.90 — .048 
052 1.0 1.88 : : — .028 


110.073 —1.06y +0.35 2 : + 0.014 


.055 : 1.03 0.35 -005 
-047 0.94 0.36 : .013 
.048 0.91 0.36 : -O12 
-080 0.69 0.38 ¢ O19 


110.072 


R R R 
Normals: +16.00x% + 0.09y —2.93% =— 0.005 Solution: x =— 0.0029 Wt. 13:38 


+ 0.09 + 36.67 + 0.62 + 0.154 J =p 0-00445 =F 10.0082 36.53 
e203 0,62 + 3.29 — 0.035 2 — 0.0142 220.0 1S 2.74 


[zn] = 0.01218 [vv]=0.01097 Prob. Error 1 Obs. + 0.248 


am=+ 0.056 + 0.041 


OBSERVATIONS AND REDUCTIONS. 315 


Series VI. 


Date. Sid. Time. b ; 5 Distances 1893.0 Sum. Difference. 
ihe RS R R R 
1892 April 10 13 : @: 232.641 Ob: 368.483 601.124 
II 13 : -650 481 131 
ine 14 595 506 -IOI 
19 1s 627 526 ae 
25 14 . 612 137 


1892 Oct. 22 : 232.628 601.095 
De : .621 : “122 
22 -644 6 .118 
22 -603 : 118 
Ze -638 2 -143 
22 : 624 : £23 
22 3 : «140 


14 5 -106 
14 : 2 45 
14 : -140 
14 ; - ~15T 
14 : -167 


601.130 


Equations of Condition. Residuals. 


—1.58y —0.732 
1.56 0.73 
or52 0.72 
1.39 0.70 
P25 0.68 


135.347 +1.65y —0.232 
882 : 1.63 0.23 
833 : 1.59 0.22 
O15 3 1.57 0.22 
.864 5 1.52 0.21 
Oni : 1.39 0.20 
898 é 1.34 0.19 


I 


| 
[+ ++ 1414 


135-903 —096y +0.352 
817 3 0.90 0.36 
.848 : 0.87 0.36 
.868 : 0.84 0.36 


-933 : 0.72 0.37 
135-875 . 


R R R 
Normals: +17.00x — o0goy — 3.262 =+0.008 Solution: 
— 0.90 + 30.83 + 1.36 — 0.027 y  —0.0007. +0.0046 
— 3.26 + 1.36 + 3-50 — 0.015  —0.0042 40.0149 


[uu] = 0.01953 [vv]=0.01942 Prob. Error 1 Obs. +0.318 


r=— 0.009 = 0.058 


316 PARALLAX OF FIRST MAGNITUDE STARS. 


Date 


1892 April 10 
II 
12 
19 
26 


1893 April 
May 


Corrected Difference. 


R 
8.318 
#399 
303 
ait 
313 


8.272 
202 
gis 
262 
“251 
298 
2259 


8.264 
33t 
326 
297 
298 


8.295 


LVormals: + 17.00% + oO57y 
+ 24.87 
— 1.28 


+ 0.57 
= 3900 


o LYRAE. 


Series VII. 


Distances 1893-0 


R R 

2 224.583 Ob: 216.266 
+585 277 
603 300 
604 293 
.602 -289 


224.582 216.310 
592 -300 
595 282 
598 +335 
582 331 
589 -2Q91 
581 326 


216.353 

624 293 
.604 278 
-605 308 
-3et 


Equations of Condition. 


+ 1.42y 
1.40 
37 
1.21 
1.03 


I.50y 
1.48 
1.44 
1.42 
1.40 
1.22 
1.18 


+ L244 y 
0.71 
0.68 
0.62 


0.53 


R 


=— 0.002 


+ 0.278 
— 0.014 


[uz]=o.o1010 [vv] = 0.00699 


“a 
7 = -+0.142 


— 0.732 
0-73 
0.72 
0.70 


0.68 


— 0.23 2 
0.23 
0.22 
0.22 
0.21 
0.19 
0.19 


+ 0.292 
0-35 
0.36 
0.36 
0.37 


R 
Solution: x=—0.0006 


y ~ + 0.0112 


Sum. 


Difference, 


R 
440.849 
862 
903 
897 
8gI 


440.892 
892 
877 
933 
‘913 
880 
“907 


440.971 
O17 
.882 
O13 
O41 


440.901 


Residuals. 
R 
+ 0.007 
— .002 
— .008 
— .000 
+ .002 


— 0.006 
+ .o14 
+ .035 
— .O17 
— .028 
ae SOY) 


— .026 


— 0.045 


R 


R 
8.317 
308 
303 
et 
35% 


8.272 
.292 
378 
-263 
251 
298. 
255 


8.265 
335 
-326 
297 
299 


Wt. 13.76 


+ 0.0031 


Z —0.0004 10.0092 


Prob. Error 1 Obs. +0.191 


a 0.039 


24.36 
2-73 


OBSERVATIONS AND REDUCTIONS. ae 474 


aw AQUILAE. Serzes J. 


Date. Sid. Time, . : ; Distances 1886.0. 
ap : R R R R 
1885 Sept. 27 22 WAbOD2O. 0. 424.026 Ce Alico ¢: 440-405 
Oda T 22 : .080 628 .207 729 
10 22 .065 599 185 696 
23 22 O81 588 197 666 
22 } 112 Lay as 205 22 


16 075 424.607 .090 449-680 
16 -O9I 665 165 ais 
16 .072 647 151 625 
16 : -060 594 .183 .607 
57 —3 -061 O11 +154 -641 
16 .075 .620 Les 679 


.048 424.579 -160 449-717 
.076 567 -140 Syjea 
093 590 .088 +710 
LIF 589 188 -730 
-OgI -605 .226 734 


a 5 oe +4) (a Heer d) he oieee Equations of Condition. Residuals. 
R R R R R 

1735-712 13.780 6.889 —-1.87y —0.262 =— 0.031 — 0.006 
644 772 886 ; 1.90 0.25 — .034 O07, 
545 -783 892 - 1.94 0.22 .028 .OOI 
eo2 -806 903 : 1.90 0.19 .O17 -O10 
654 800 Retofe) : 1.88 0.18 020 .006 


1735-452 13.912 6.957 +irox +1867 +0332 = .037 .008 
.636 876 937 1.0 1.85 0.33 .O17 OI 
495 943 972 1.0 1.80 0.34 052 .025 
-444 864 -932 <——=1:30 Lae 0.35 .O12 O15 
467 877 939 1.0 1.69 0.36 .O19 .007 
-497 893 -946 1.0 1.63 0.37 .026 .OOI 


1735-504 13-750 6.875 L.GDW- 70:75)2-. = 1045 
504 782 8g : 1.92 0.76 .029 
481 885 -942 : 1.93 0.77 .022 
.624 -788 894 é 1.94 0.77 .026 
656 -736 868 : 1.94 0.77 052 


E75 AS HS 6.920 
R : R R 
Normals: + 16.00% — 855y +4802 =— 0.097 Solution: x =-+ 0.0014 


— 8.55 + 55.29 —1.62 + 0.788 yYy +0.0145 + 0.0018 
+ 4.80 — 1.62 + 3.89 — 0.013 Z —0.0009 + 0.0081 


[un] = 0.01585 [vv] =0.00466 Prob. Error 1 Obs. + 0.161 


t=+ 0.184 2 0.023 


318 


Date. 


PARALLAX OF FIRST MAGNITUDE STARS. 


Sid. Time. 


h. 
16 


m 


ow AquitaE. Series LZ. 


Im. St. 


Distances 1891.0. 


Sum, 
R 
343-904 


Difference. 


R 
51.224 


} R R 
1890 May 51 @ 197.564 8 140.340 


Dec. 


1891 May 


June 


Zz 
9 


I 
2 
3 
4 


00 ON DU 


Lani 


LVormals : 


16 
16 
16 


28 
21 


Corrected Difference. 


R 


Sino] 
184 


238 
.262 


IQ 
.190 
-154 
.162 
.131 
163 


.186 


247 
252 
+239 
+239 


51.200 


oO 
amo 
3 


unica 
591 


581 


197-559 
551 
coy. 
518 
"O09 
“552 


197-564 
593 
.607 


577 
581 


Equations of Condition. 


— 0.632 
0.63 
0.62 
0.61 


+1.0% 
1.0 
I.0 
1.0 


+1779 
1.97 
1.76 
Serf) 


+ 1.0% 
I.O 
1.0 
I.O 
I.O 
1.0 


—iL7ry 
Vey fl 


1.70 


 +#¢LOX 
I.0 
I.0 
1.0 
1.0 


— 101Z Solution : 


+ 0.04 


=— 0.007 
+ 0.926 
1 O.0R2 


-369 
2350 
322 


146.424 
-363 
-376 
363 
.402 
387 


146.376 
+344 
+350 
339 
+342 


R 


= + 0.027 


+ 
+ 


t= 
Ps 
z 


.016 
-038 
.062 


.O81 
.O10 
.046 
-038 
.069 
037 


.O14 
-O47 
.052 
039 
-039 


R 
— 0.0079 
+ 0.0226 
+ 0.0095 


[xn] = 0.03077 [vv] = 0.00947 Prob. Error 1 Obs. + 0.240 


t+ 0.286 + 0.038 


-Q21 
-942 


-183 
-240 


993 


343-974 
-Q14 
903 
881 
937 
-939 


3435-940 
937 
957 
916 
“O25 


343-926 


Residuals, 
R 
+ 0.001 
-042 
+ .o12 
+ .036 


— 0.034 
+ .037 
+ .oor 
+ .009 
.023 


+ .006 


— 0.049 
sm Ou 
+ .o18 
“OO, 
+ .008 


R 


+259 


.126 
.188 
51S a 
-155 


3133) 
-165 


.188 
-249 
257 
238 
-239 


Wt. 13.93 


+ 0.0030 
Sy O.OL 22 


40.8% 
2.39 


OBSERVATIONS AND REDUCTIONS. 319 


aw AqguiLaE. Series LIT. 


Sid. Time. . : 4 Distances 1891.0. 

het (ras R R R R 
Uy hae ; - i 24L,O900 08 2721635 4.061223. 470 1a ea kOe 7? 
16 47 -QIl 508 417 554 
16 42 A Te 500 398 541 
7S : 853 503 411 530 


43 : 241.853 272.467 223.387 210.615 
a) ; .869 481 396 553 
36 848 484 .416 530 
42 835 “477 “390 573 
25 812 -470 -424 504 

.896 -454 428 517 


OO ON OU 


Lal 


241.887 2 eAeT 223.409 210.544 
862 539 363 526 
889 491 391 2528 
934 532 -419 °593 
885 -548 -406 546 


Sum. Difference. Corr. Half 

(a+b)+¢+a) (a+b)—(c-+d) Difference. 
R R -R R 

948.376 80.480 40.237 +10% +1.21y —0632 = + 0.017 


Equations of Condition. Residuals. 


+390 448 Zon 1.0 oe 0.63 : -OOI 
Raut 433 anni) 1.0 1.24 0.62 ae .004 
-297 415 208 1.0 1.25 0.61 ‘ 013 


948.322 80.318 159 : — 0.11 i .027 
-299 -401 .201 : ; 0.11 : O15 
278 386 195 : : 0.1 5 .009 
275 -349 -176 : 3 O.1I : -O10 
-210 354 181 : : 0.09 5 -005 
-295 405 -203 : : 0.07 3 -018 


Lal 


0M ON DUN 


948.317 ACE +10” +1.29y +0.41 : 025 
.290 Py) 1.0 1.3% 0.42 : .027 
299 ave 1.0 1:23 0.43 é -000 
478 .220 1.0 I-33 0.43 ; .O10 
385 c 238 1.0 pete 0.44 : 5 .007 


948.321 40.210 
R j R 
Normals: + 15.00% + 410y —096% =—0.001 Solution: x =— 0.0038 
+ 4.10 + 23.89 + 0.47 + 0.365 y + 0.0157 = 0.0024 
— 0.96 +) (O.47 r2eAy + 0.031 2 + 0.0080 + 0.0074 
[zn] = 0.00940 [vv] =0.00344 Prob. Error 1 Obs. + 0.145 


“a “ 
m=+0.200 + 0.030 


320 PARALLAX OF FIRST MAGNITUDE STAKS. 


a AQUILAE. Series LV. 


Sid. Time. : 5 Distances 1894.0 Sum. Difference. 
hm. R R R R 

22256 : @: 500.947 6: 529.374 1030.321 28.427 
Biases 961 +348 309 387 
i hs : a 2 : ole) °457 
22 ees ). -927 . -310 .456 
20 set : -940 : 27% 330% 


16 : 500.980 529-374 1030.354 28.394 
16 : 500.970 386 356 416 
16 : 500.961 336 207 375 
16 40. 500.980 335 OBS =355 
16 : 501.005 -348 +353 -343 
17 - 500.986 -336 ae +350 


1894 Sept. Bit 500.968 529-362 1030.330 28.394 
Oct. 22 ; -942 336 278 394 

22 934 341 275 -407 

22 -896 318 .214 422 

ee +927 -347 274 -420 


1030.306 


Corrected Difference. Equations of Condition. Residuals. 


R . 
28.427 -I5ly —0.222 


-387 : 53 0.22 
-457 : 1.56 0.21 
456 : 1.69 0.18 
392 4 1.76 0.16 


28.393 1.74Y +0.362 
415 A 1.74 0.36 
375 . 1.74 0.36 
355 . 1.73 0.37 
phe : aS O37 
350 : 1.65 0.40 


28.393 + 0.75 2 
"395 : 0-75 
408 ; : 0.76 
-424 : : 0.78 
421 : : 0.78 


28.385 


R R 
Normals: + 16.00% + 4.79y +5.052 =+0.230 Solution: 


+ 4.79 + 40.80 + 0.01 + 0.613 y  +:0.0133 +0.0029 
+ 5-05 se CHO + 3.95 + 0.019 2 —0.0143 to.o18d 


[zm] = 0.02056 [vv]=0.00910 Prob. Error 1 Obs. + 0.226 


7 = + 0.169 Ss 0.037 


Eaarie > Ye 
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a AQUILAE. Series V. 


Z 
9 


Sid. Time. y ; 3 Distances 1894.0 Sum. Difference. 
h. an R 


R R R 

22 25 : @: 461.259 b> 374-353 835-612 86.906 
Bye ips : +239 -360 599 .879 
2222 : 271 6353 624 918 
21 29 25% 354 605 897 
21 27 361 -632 G10 


WN H 


16 : -340 374-332 835-672 87.008 
16 : pau 1335 648 86.978 
16 329 302 -631 87.027 
16 298 342 -640 86.956 
16 -324 -304 .628 87.020 
16 d -296 Sige 628 86.964 


yr OU OND WSs 


—~— = 


1894 Sept. 22 250 374-374 835.633 86.885 
Oct. 22 6825 CE 576 874 

22 268 356 654 882 

22 +245 6337 582 .g08 

22 .279 356 635 923 

21 : 250 325 575 925 


835-622 


Cn Ee oe oe | 
SIAMNBRWN 


Z 
2 


Corrected Difference. Equations of Condition. : Residuals. 
R R 

86.907 —1.66y —0.222 =—0.038 

881 ; 1.70 0.21 .064 

918 A 1.81 0.18 -027 

899 1.86 0.16 .046 


909 ; 1.84 0.13 .036 


87.003 +181y +0362 =+0.058 
86.975 : 1.81 0.36 .030 
87.026 : 1.80 0.36 .081 
86.954 5 1.79 0.37 .009 
87.019 : 1.79. 0737 -074 
86.963 : 1.70 0.40 .018 


a 


I 
2 
3 
4 
5 
6 
7 
8 
9 
re) 
I 


I+)4+1+ 414+ 


— 


86.834 L45y +0752 = 
879 ; 1.48 0.75 
879 : 1.50 0.75 
912 ; olS4/ 0.76 
922 : 1.64 0.78 
-930 : 1.66 0.78 


Ss Ss Ss Se 
NAN HRW DN 


86.945 


R R R 
LVormals : : — 7.47y +5892 =— 0.205 Solution: x =-+ 0.0020 


— 1.54 + 1.254 y +0.0255 +0.0025 
— 0.064 z —0.0083 +0.0106 


[un] = 0.04067 [vv] =0.00849 Prob. Error 1 Obs. + 0.211 


r—-- 0.323 ae 0.031 
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ow Cyont. Series . 


Sid. Time. 5 Im. St. Distances 1886.0. 
R R R 
2 We UG 547O2 «0 6 BI2.01R 9 C. 102.380 1a 
: .816 .406 
814 391 
.809 -412 
798 -387 


312.843 £602-257 
831 378 
821 -407 
804 eA 
785 -361 
O41 397 


2 155-793 312.815 162.367 
a .780 823 385 
2 802 812 -403 
2 .780 794 "397 
2-3 .806 -795 358 


1886 Nov. 
Dec. 


Sum. Difference. Corr, Half 
(a+b)+(c+a) (e+d)—(a+b) Difference. 
R R - . 


Equations of Condition. Residuals. 


ee 9.848 4-924 +1.0% +1.74y —0.07% =-+0.001 + 0.001 
.066 .868 934 1.0 1.86 — 0.03 + .ort 
-042 784. .892 1.0 1.86 — 0.01 — .03I 
.028 -890 945 1.0 1.85 + 0.01 == 022 
.067 -835 -Q17 1.0 1.84 + 0.01 — .006 


2127 9.935 4.893 +1LOF — LSI = 01407 == 0:930 
.089 841 920 1.0 1.85 0.42 —".G03 
.052 858 -929 1.0 1.89 0.45 + .006 
-131 -909 -955 1.0 1.92 0.46 O32 
-036 .870 935 1.0 1.92 0.47 + .O12 
-129 877 938 1.0 1.92 0.47 + .O15 


947.043 9.827 4.913 1.637 +0912 =—o0.0I0 
7.044 .838 91g 4 a7 0.93 — .004 
7.051 823 -QII ; 1.80 0.94 — .O12 
6.997 849 924 ; 1.81 0.95 + .oor 
6.975 apa 837 : 1.86 0.99 — .036 


947-058 4-923 


R R R 
LVormals: + 16.00x + 6697 + 7.30% =— 0.032 Solution: x = + 0.0049 


+ 6.69 + 53.30 to seo —o.181 y  — 0.0033 + 0.0018 
+ 7.30 + 3.16 = 5.04 — 0.043 2 = 0,012t” “EFO.0062 


[nn] =0.00550 [vv] =0.00487 Prob. Error 1 Obs. + 0.160 


“ “a 


nm=— 0.042 + 0.022 


Z 
9 


Date. 


1889 Dec. 
1890 Jan. 


BW YN A 


1890 June 


July 


=» OW ON OM 


Aug. 


1890 Dec. 
1891 Jan. 
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Sid. Time. 


m. 
43 
31 
“9 


a Cycni. Series 7. 


Distances 1890.0. 


Normals: + 16.00x 


Z 
2 


Corrected Difference. 
R 
43-552 
547 
548 
539 


BROWN A 


43.566 
503 
583 
542 
530 
570 


.501 


mk OO CON OM 


43-541 
-543 
545 
575 
586 


, 43-551 


+ 46.59 
+ 0.65 


— 0-47 
+ 8.92 


— o047y + 8.92% =-+ 0.005 


R 

@~ 397-439 
CASSIS, 
414 
-430 


397-448 
464 
+440 
471 
454 
441 
-501 


397-435 
-420 
ant 
401 
385 


Equations of Condition. 


TOON = cia O:0012 
E37 0.04 
1.29 0.05 
1.26 0.05 


1.8747 + 0.462 
1.96 0.49 
2.01 0.51 
2.02 0.52 
2.00 0.56 
1.95 0.58 
1.90 0.59 


LOL Y = 0.07/2 
1.50 1.02 
1.48 1.02 
1.46 1.03 
1.41 1.03 


R 


+ 0.045 
Se O.O25 


R 

b: 440.981 
979 
959 
967 


441.016 
1.020 
1.025 
1.016 
0.985 
1.012 
1.006 


440-975 
.g61 
975 
973 
-967 


Difference. 
R 
43-551 
546 
545 
+537 


43.568 
556 
585 
545 
531 
571 
+505 


43-540 
541 
+544 
Bye 
582 


Solution : 


838.426 


Residuals. 
R 
+ 0.005 
— .000 
+ .oo1 
— .008 


0.017 
.004 
034. 
-OO7 
+020 
.020 


-049 


x = — 0.0052 
y  +.:.0008 
z ++ 0.0098 


[wn] = 0.00681 [vv] =0.00654 Prob. Error 1 Obs. + 0.192 


“i “a 
7 —- 20, OOM 01025 
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aw Cycni. Sertes ILL. 
No. Date. Sid. Time. Temp. Im. St Distances 1890.0. Sum. Difference. 
hm. . R R R R 
1 1890 Jan. 9 Lay 24-5 oo4 3 @2° 352,482" “02 268.508 674.283 48.719 
2 14 it It) 29-5 2 2 .OLll , -496 ROY) 685 
3 16 pa Le) 34 2-3 3 -796 466 262 -670 
4 17 re @ 23 2 2 797 algieit 308 714 
5 18 Tame] 34 I-2 . 1-2 780 Ie 292 732 
6 1890 June 25 TOMeelS 73 3 3 312.841 361.536 674.377 48.695 
7 30 16 43 66.5 2-3 2 .836 a2 389 Tig 
8 July 8 16-32 77.5 - 2-3 2-3 831 561 392 730 
9 9 TOee 7 61.5 2 Z .820 569 389 -749 
10 27 17 18 72 2 2 836 Ae ae 369 .697 
II Bt L730 Was 2 Be od 814 sad aoa 707 
12 Aug. 4 ib pe Oils 44-5 92-3, 8 223 839 549 388 Flo 
135 ESOT an. 758 Oo 45 Sh 23 3 312.821 361.526 674.347 48.705 
14 8 i ys9 26.5 5 2-3) eas 784 513 297 -729 
re 9 ew a 22.5 2 2 838 -560 398 22 
16 10 i 10 28 I-2 1-2 818 543 361 25 
17 12 i Be 31 2-3 2-3 -810 Sty Seri -707 
674-343 
No. Corrected Difference. Eguations of Condition. Residuals. 
R R -R 
I 48.725 +i0x% + 21.79 y 0.022 =-+ 0.012 + 0.016 
B .689 1.0 1.72 0.04 = sed — O20 
# -677 1.0 1:70 0.04 — .036 —" 1032 
4 Byte 1.0 1.68 0.04 =) 004 "005 
5 iar 1.0 = Bei 66 0.05 + .024 + .028 
6 48.692 +10% ° —1.95y- +0482 =—0.021 — 0.021 
7 U2 1.0 1.94 0.49 — .0o1 — .0o1 
8 926 1.0 1.87 0.51 + .o12 = 012 
9 744 1.0 1.86 0.52 + 031 + .031 
sme) -694 1.0 1.58 0.57 = ue — ,.019 
II ity 1.0 1.50 0.58 + .004 + .004 
12 -706 1.0 1.40 0.59 — .007 == Oo); 
13 48.705 qPCOUs Se iki? Ae ine g =| <= Epes: — 0.012 
14 734 1.0 1.81 1.02 qe Oz ap fOr 
15 “717 1.0 1.79 TRO? OOF OOO 
16 i238 1.0 1.78 1.03 ap SOUG + .005 
17 -709 1.0 1.76 1.03 OOH! — .008 
48.713 
R R R 
LVormals: + 17.00% + 5.42y + 9.042 =+ 0.002 Solution: x= — 0.0045 Wt 5.85 
ape lle + 52.09 a CTO) + 0.005 y +t o.0ooot + 0.0018 50.35 
4- "9.04 + 3.09 SP (oO + 0.022 z +0.0086 + 0.0082 2.44 


[xn] = 0.00522 [vv] =0.00g04 Prob. Error r Obs. + 0.162 


“a “ 
gwm=-+ 0.001 + 0.023 
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§ 5. Discussion oF THE ReEsutts. 


The residuals left by the substitution in the equations of condition given in the preceding 
section furnish the means of testing the assumption that the varying condition of the atmos- 
pheric definition has produced little effect on the accuracy of the measurements. For this 
purpose I have considered in general the lower of the two estimations of “images” and 
“steadiness” as giving the “definition,” as it is hardly possible to separate these two qualifi- 
cations, and have formed three groups as seen in the subjoined table. I have furthermore 
divided off the series with two or four comparison stars into three classes according to the 
magnitudes of the comparison stars, as follows : — 


Class I, both or all comparison stars of the magnitude 8.0 or brighter; 
“ II, one or more stars brighter, the others fainter than 8.0; 


(79 


III, both or all stars fainter than 8.0. 


_ Using those residuals for which a figure for the definition was recorded we get from the 
series with a pair or four stars the average residuals, as follows: — 


Definition. 


Ty 1-2, 2 2-3 3, 3-49 4 


R 
102 Obs. : 98 Obs. 0.0189 
T4090 7s TAS a7 
79 104 140 


321 ‘ 0.0173 


The effect of the varying definition is clearly insignificant and somewhat different for the 
several classes, so that the assumption of equal weight is fairly justified. 

The results for the parallaxes from the several series may therefore be considered as 
definitive as far as the solution of each single series is concerned, and it remains ales to 
decide how the separate results are to be combined to a final value. 

If the series were of sufficient extent the probable errors of the parallaxes derived from 
those of one observation might be considered a measure of the accuracy without hesitation. 
But values derived from but sixteen residuals are subject to considerable uncertainty, and it 
thus appears advisable also to combine the parallax results, using the weights given by the 
solutions and assuming equal accuracy for each observation. That this latter assumption is 
not materially in error seems to follow from the following average values of probable errors 
for the several classes of series according to the magnitude of the comparison stars and also 
the size and symmetry of the situation of the several stars forming a pair. We find, 


namely : — 
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” 


+o0.204 from 17 Series 


Average probable error for Series of Class I: 
(3 


66 (79 66 (t3 qe . fo) 205 ee 22 
3 6c (73 (f3 Ill : 0.212 6 II (i 


” 


R 
Average probable error for large Sums : +o0.215 from 17 Series, Average Sum: 898 


ss Bs medium “ ON 13) a eo" ae = 6 05S 
66 66 small ce 0.191 (74 17 ce 6é (73 452 
" R 
Average probable error for largest Differences : +0.224 from 17 Series, Average Diff.: 73 
. i medium ¢ 0.202% “iG oe = 25 
£ e smallest oy Cos) at as *% : 7, 


” 


General average probable error of one observation: + 0.206 from all 50 Series. 


I have therefore given in the table of Collected Results, which follows on page 327, in 
column A the combining weights corresponding to the probable errors of the parallaxes as 
derived from each series in the preceding section, weight unity corresponding to a probable 
error +0".206. In column B the weights themselves of the separate solutions are again 
stated. For the three series with but a single star the average probable error,of one observa- 
tion is +0”.080, and hence their weights in column B are found by multiplication of the origi- 
nal ones by (0.206/ 0.080)? = 6.63. 

Both these sets of weights, however, could only be considered entirely legitimate if the 
several series were completely free from systematic error. A certain amount of such sys- 
tematic error is quite possible, and can be estimated by the agreement.of the values for the 
parallax of any one star from the several series. Each star furnishes us with an equation, 

2 72 
0.455 ae = 7 . 
where =Avvp is the sum of the squares of the residuals of the several parallax values from 
their mean multiplied by the respective weight, =f the sum of the weights, « the probable 
observational error for weight unity, £ the probable systematic error of a parallax value from 
one series, and z the number of series. The values of ¢ derived from the separate stars 
should then be multiplied each by their respective 2, these products added, and the sum 
divided by 2 to form a final value for ¢. In this manner I find 


€= +0".0293 and +0'.0305 


from the two sets of weights A and B respectively. The complete weight for each series is 
then derived by combination of these values of £ with the original weights, and the results for 
the two systems A and B are placed in columns C and D respectively. 


4 
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Collected Results. 


a TAURI. Series : Weights: A  4o.0 
4.1 
93-2 
23.6 
64.5 
74-4 
19.6 
3252 
26.9 


Weights : 67.4 
28.6 

131.8 

35-6 


a AURIGAE. Series 


+++ +4+4+444+44 


Weights : 403 


35:0 
124.2 


a ORIONIS. Series . 


ee 


Weights : T2507 
36.1 

140.5 

53.8 

17.5 

118.8 

104.0 


a. CANIS MIN. Series 


are 


++++++4++ 44] 


Weights : 65.3 
46.6 
85.2 


B GEMINoRUM. Series 


5. 


Weights: 61.6 
30.6 
13.4 
34-1 
62.0 


a LEONIS. 


J++ +44 


Weights : 83.0 
81.3 


Bootis. Series 


31-4. 
30.2 


8.6 


Series Weights : 


alta amesyeee ice s/h cet 


Series Weights : 


Fa? 


++4+44+ 


Weights : 
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Using these four systems of weights we derive the following table of final values for the 
parallaxes, total weights, and probable errors. These latter for systems A and B are not com- 
plete, as they do not include the systematic error just deduced, but are appended to show to 
what extent in general the accuracy has been impaired by this residual systematic error. It 
is to some extent a matter of opinion which of the two last systems is to be considered the 
better, and I have therefore decided to adopt their mean as the definitive result, and this is 
given as the “adopted” final value. 


Final Values. 


a Taurt. a Leonts. 


mw ” ” ” 


System A wm=-+o.108 Wt. 415.5 Pr. Er. 0.010 System A w=-+0.019 Wt. 201.7 Pr. Er. +0.014 


B +o0.102 417.3 0.010 B +0.024 204.0 0.014 

c +o.111 197.17 0.015 Cc +0.023 102.7 0.020 

D +0.108 204.2 0.014 D +0.025 109.6 0.020 

Adopted: «= -+0.109 Prob. Error +0.014 Adopted: a= +0.024 Prob. Error +0.020 
a Aurigae. a Bootis. 


” ” ” " 


system A w=-+0.083 Wt. 262.8 Pr. Er. +0.013 system A w=-+0.017 Wt. 279.1 Pr. Er. +0.012 


B +0.082 159.1 0.016 B +0.027 301.2 0.012 

G +0.078 101.0 0.021 Cc +0.023 133.8 0.018 

D +0.079 83.8 0.022 D +0.029 150.3 0.017 

Adopted: «z= +0.079 Prob. Error +0.021 Adopted: a = +0.026 Prob. Error +0.017 
a Orionis. a Lyrae. 


, ” ” ” 


system A w=-+t0.019 Wt. 200.5 Pr. Er. 0.018 System A w= -+0.086 Wt. 350.7 Pr. Er. 4-0.011 


B +0.028 Ets 0.018 B +0.078 316.2 0.012 

C +0.022 76.7 0.024 C 0.085 148.9 0.017 

D +0.026 68.2 0.025 D +0.078 156.4 0.016 

Adopted: a= +0.024 Prob. Error +0.024 Adopted: a= +0.082 Prob. Error +0.016 
a Canis minoris. a Aguilae. 


” "” ” ” 


System A w=-+0.315 Wt. 596.7 Pr. Er. +0.008 System A .r=-+0.224 Wt. 233.2 Pr. Er. $0.013 


B +0.326 385.0 0.011 B +0.236 197-6 0.015 

c 0.325 195.1 0.015 C 0.228 113.5 0.019 

D +0.343 173.6 0.016 D +0.236 106.1 0.020 

Adopted: a= +0.334 Prob. Error +0.015 Adopted: a = +0.232 Prob. Error +0.019 
B Geminorum. a Cygni. 


id ” ” 


System A .r=-+0.060 Wt. 197.1 Pr. Er. to.018 System A m= —o.01g4 Wt. 218.8 Pr. Er. to.014 


B +0.053 141.9 0.017 B —0.010 147-5 0.017 
Cc +0.058 81.5 0.023 C —0.012 85.6 0.022 
D +0.054 70.8 0.024 D —o.0II 72.6 0.024 


Adopted: a= +0.056 Prob. Error  +0.023 Adopted: a = —0.012 Prob. Error  +0.023 
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The origin of this systematic error {, which has increased the probable errors of the final 
results by about one-half, it will be seen, is doubtless of a complex nature. The peculiar con- 
ditions for each series, such as the unsymmetry of the comparison stars with reference to the 
principal star, together with possible small parallaxes of the former, have probably contributed 
the major part. 

As regards the unsymmetrical conditions of the various pairs, 1 am of the opinion that 
the one most to be feared is an inequality in the two distances, as any error due to the 
apparent magnitudes being unequal should be eliminated by the consistent use of the revers- 
ing prism. But it is possible that at different epochs I may have adopted a somewhat varying 
mode of observation, as at the time when the bulk of these observations were made my atten- 
tion had not been sufficiently directed to the necessity of making the amount of “ swinging 
through ” a constant and not too large a one. I consider that the neglect of this precaution 
has introduced most of the systematic error ¢, as it has also increased, I feel sure, the probable 
errors of some of the individual results. The series which gives the largest probable error -of 
one observation, Series III. for a Leonis, is precisely the one where there are the greatest 
differences in the distances of the comparison stars. 

As to the somewhat delicate question of the parallaxes of the comparison stars I feel little 
inclination to attribute. much of the discrepancy ¢ to their influence. I have examined the 
proper motions of the whole series of comparison stars with the result that but three of them 
have motions sensibly above what might be expected for stars of their class and position. 
These three are star 6 of Series IV. on a Aurigae, star a of Series VI. on a Canis minoris, and 
star a of Series VI. on a Lyrae, each of which appear to have a total proper motion of about 
0.15. The parallaxes derived from these three series are in every case smaller than the final 
mean value, noticeably so those of the first and third cases, and it is therefore not impossible 
that the concluded values for Capella, Procyon, and Vega may be slightly too small. 

For a Tauri a number of the comparison stars appear to partake of the general drift of the 
Hyades group. This is almost surely the case for stars a of Series I. and @ of Series V., and 
possibly so for stars 4 of Series I., a and 6 of Series III., @ of Series VI., and 4 of Series IX. 
The mean parallax of Aldebaran from these series does not differ appreciably from the final 
value, however, so that this seems not likely to have been materially impaired. 

There remains to be considered one source of error which has not been largely eliminated 
by the methods of observation and multiplication of the comparison stars. This is a possible 
vitiation due to a difference in color between the main star and the comparison stars, a ques- 
tion which years ago had been investigated by W. Srruvs, and found to be insensible for 
himself (see Mensurae Micrometricae, p. cli). This point, which had not been completely 
overlooked in the Cape work (see Memoirs Royal Astron. Society, Vol. 48, p. 62), has been 
brought up again lately, and in view of its importance, especially with regard to its effect on 
the solar parallax from the asteroid work, special series have been made at GILL’s suggestion 
by various heliometer observers, notably by Peter, Cuase, De Sirrer, and Lowincrr on highly 
colored red stars. For none of these could any sensible influence of color be detected. I myself 
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have not been able to carry out any special investigation of weight in this regard, but the 
result which I obtained for the only first magnitude star showing any high degree of 
color, Arcturus, seems to furnish strong evidence that any such vitiation does not exist for 
me also. For if we introduce into the equations of condition for a Bootis as already given 


a term, 
B tang ¢ cos (6 — 9), 


(when (is the zenith-distance, f the position angle, and g the parallactic angle), and as it 
is obviously impossible to determine the value of 8 simultaneously with the parallax, trans- 
fer this term to the right-hand side of the equations of condition and ascertain its effect on 


the parallax, we will find from the several series the coefficients 


Series I —o.g1 B 
s TI —1.12 
“« WII —o.99 
“IV —o.96 
s V —o.g1 
re a Vdd 3503 
Se) VII 9:35 


and it is clear that it is impossible to attribute a greater value than 0.’025 to B without 
rendering the concluded parallax value for Arcturus negative, a result in the- highest degree 
improbable. To state it otherwise, any habit of mine of pointing a part of the spectrum 
nearer the red end for a red star than for a star of average color would decrease the 
value 0.026 obtained for the parallax of Arcturus, which is already a surprisingly small 
result. It appears to me that this deduction, being derived from observations made without 
the possible bias of a special series, is fairly conclusive as to the absence of any vitiation 
from this source for the whole work. ; 


Gransactions of the Astronomital Obserbatory of Pale Wniversity. 


RESEARCHES WITH THE HELIOMETER. 


REVISION 
OF THE 


eee ler leh) ANG UAT LOWN 


OF THE 


PRINCIPAL, SlARS 


IN THE 


GRoOw Peon Pie “PEELADES: 


BY 


Willeleb A MoE LEN; 


DIRECTOR OF THE OBSERVATORY. 


ST. 


CONTENTS. 


Dar OU CIO Nema ern eri oo Gud ge se Sf se ee bE ae 
SYSTEMATIC ERROR OF THE DISTANCE MEASURES 

MODIFICATION OF THE SCALE-VALUE 

CORRECTIONS TO RESULTS OF MEASURES FROM ALCYONE . 

CORRECTIONS TO RESULTS OF MEASURES FROM THE QUADRILATERAL STARS . 
ADJUSTMENT OF THE QUADRILATERAL MEASUREMENT 

COMPARISON OF THE Two MEASUREMENTS AND DEDUCTION OF FINAL RESULTS 
COMPARISON OF THE OBSERVED DISTANCES WITH THE FINAL RESULTS. 


COMPARISON OF THE FINAL RESULTS WITH THOSE OF THE KONIGSBERG AND SECOND 
VAN TO ER ee RANGUIUATIONS: Uecgectae rst ste.) Ge aan <a fen el fa we a Pees 


ek 
Put Sri ie 

att ue 
 , emee Lied) “te , 


os a oy r 
> 


rs 


ss 


REVISION 
OF THE 
FIRST YALE TRIANGULATION OF THE PRINCIPAL STARS 
IN THE 


GROUP OE bE PEELADES. 


§ 1. INTRODUCTION. 


At the epoch of publication of the results of the Pleiades measures in Part I of these 
Transactions the sources of certain systematic discrepancies which appeared in the Cygnus 
arc observations (see p. 32) had not been recognized. By a somewhat unfortunate chance, the 
special series chosen to test the freedom of the distance measures from systematic error was 
composed of stars so bright as to show little trace of such error (see p. 33), and the reductions 
were made assuming the observations to require no further correction. 

A few years later, on discussing the Triangulation of the Victoria comparison stars and 
my polar stars, a possible origin of the very considerable discrepancies in these measurements 
occurred to Sir Davip Git and myself (see Cape Annals, Vol. VI, p. 232, and Vale Transac- 
tions, Part IV, p. 171), and these polar measures were brought into complete internal 
accordance by the application of corrections based on this consideration. 

An examination of the Pleiades observations themselves at that time also disclosed the 
unmistakable effect of similar error and the necessity of a revision of the reductions of this 
work, At the same time, however, I satisfied myself that, owing to the compensatory influ- 
ence of the two triangulations, the final results of the work would not, except in the case of a 
few stars near Alcyone, be modified as much as 0”.20. I, therefore, delayed carrying out this 
revision with the intention of accumulating more evidence as to the law of my systematic error. 
But as the years have gone on it has not proved feasible to accomplish this purpose, and as 
with increasing distance from the original epoch any conclusions as to what my personality 
might have then been must keep losing more and more in weight, it has now appeared to 
me advisable not further to postpone this revision, and the present paper contains the results 
of what I consider the best deductions derivable from my former measures. 
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In addition it seems opportune to be able to derive more reliable conclusions as to the 
relative motions in the group, both from comparison with the Kénigsberg measurement, as 
well as with a second triangulation of the Pleiades carried out in the past years, 1900 to 1903, 
with the Yale Heliometer by Mr. M. F. Smiru, the results of which are to be presented in 


Part VIII of these Transactions. 


§ 2. Systematic Error or THE Distance MEAsuRES. 


The possible source of the personal errors in my heliometer distance measures lay, it may 
be recalled, in the circumstance that in general the coincidence of the two images was effected 
by rapidly swinging these images by means of the position-angle rotation past each other 
from a certain amount of separation and judging the superposition to have occurred when 
the line joining the two star-images was parallel to the fixed wires in the field. The correc- 


tion required by the measure is then, as shown by Grit and myself, 
Foi, 


where & is the apparent separation in the heliometer field and s the actual distance on the sky 
of the two stars. 

After the recognition of the presence of these discrepancies I made a number of determi- 
nations of this quantity £ during the observations for stellar parallax then in progress, some of 
which are given in the Victoria discussion (Cape Annals, Vol. VI, p. 456). These showed, 
as was to be expected, a considerable dependence on the magnitude of the stars, but no pro- 
nounced variation with the size of the distances, none of which, however, fell below 660”, and 
no particular influence of the atmospheric definition. The other possible factors which 
doubtless affect this quantity 2 seem to me mainly of a casual character, so that I have felt 
justified in adopting for it mean values only affected by the magnitudes. These values are, 
the magnitude scale being that of the Bonn-Durchmusterung : — 


Mag. k. Mag. k. Mag. k. 

dd ; u uw 

3.01— 7.5 13 8.0 18 8.5 23 
7.6 14 8.1 19 8.6 23-5 

47 15 8.2 20 8.7 24 
7.8 16 8.3 21 8.8 Pinal 

7-9 17 8.4 22 8.9 — 9.2 25 


I may remark that the value of & deduced by Grit from the Victoria measures for me was 
23°.7, the magnitude of the planet being from 8.4 to 8.8, according to Auwers (Cage Annals, 
Vol. VI, p. [34]). For my polar stars, where 125 of the 144 distances were between stars of 
the magnitude 8.5 or fainter, I found (Yale Transactions, Part IV, p. 174) values ranging from 
23.4 to 26”.2 in the three best solutions, so that there can be no question as to my amount 
for & in those years for faint stars and not immoderately small distances. With*the above 
values, I have therefore constructed the following table: — 
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Corrections to Observed Distances. 


Magnitude 


Distance. 
8.2 


tA 
500 
600 
700 
800 
goo 
1000 
1200 
1400 
1600 
1800 
2000 
2500 
3000 
3500 
4000 
5000 
6000 


The argument for this table is the magnitude of the fainter star of the pair, the brighter 
star having been in general dimmed down by the gauze screens so that there should be less 
than one magnitude of apparent difference. 


§ 3. MopirICATION OF THE SCALE-VALUE. 


The six distances forming the two zones from which the scale-value was deduced require 
corrections according to the above table as follows, the Bonn-Durchmusterung values for the 


magnitudes being adopted : — 


Distance. Mags. Scere ees ae aa Mags. Conte ctien: 
aa 6240 Side 50.8 +0.04 5B 5762 3.0. 7.0 +0.03 
ad 5124 6.57.3 +0.02 By 5643 7-08 7.0 +0.02 
8a 6849 4.3, “8:0 +0.03 ye 5392 7.0 8.2 +0.03 

Sum 18213 +0.09 : 16797 +0.08 


The total correction for the sum of the two zones is therefore +o”.17 on 35010”, and hence 


the amended scale-value results : — 
KX = 12"'.68161. 


I have therefore applied to the observed distances corrections as follows : — 


Distance: less than 1030! Correction: 07.00 
1030" to 3090! —o”.o1 
3090! 5p5o! —o!.c2 


5150! 6060! —o!!.03. 
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§ 4. Corrections To Resutts or MEASURES FROM ALCYONE. 


The corrections deduced in the two preceding sections I have considered valid for dis- 
tances above 500”. There are three distances from Alcyone which fall below 200”, and these 
require a special consideration. For such small distances my amount of “swinging through” is 
undoubtedly much reduced. In a series of measures in 1891 on Jupiter's satellites I found for 
myself £= 7”, which may be taken to apply for stars of the brightest class, or slightly more 
than one-half of the value for large distances. I have therefore taken the amount of & and 
the necessary correction for those three small distances as follows : — 


Stars: 7 35 Mags.; 3.0. 3:5 Distance: 190! 1p TO Correction: -+0!/.54 
” 37 2012550 180! 10! +o!.28 
n 38 3.0 8.0 17” to! +0!.43 


The following table contains the values thus deduced and the corrections in Right Ascen- 
sion and Declination applicable to the quantities on pages 52 and 53 of the original Pleiades 
paper. The resulting final co-ordinates from this measurement from Alcyone will be found on 
page 350 in collation with those from the quadrilateral measurement. 


Corrections to Measures from Alcyone. 


reine Sc Disance, Corecion.  Gomeeel Coenen 
a a a 1 a 
+0.06 B28 TNT 2 —0.06 + 0.02 0 35 : 190.89 —0.53 + 0.23 
.04 3284.75 — 04+ .02 36 +. 1393-27 — .0l — .09 
2 2542.26 “13-— 00 Ry 180.70 23+ .19 
HS 2716.06 IO+ .04 38 117.25 44+ .14 
03 2298.82 (O30 Ol 1092.02 Ol — .07 
03 2143.43 CR sp JOS) 1741.34 00 + .09 
15 2032.27 16+ .04 1987.84 00+ .13 
10 2446.77 0g — .06 688.78 Ol — .12 
02 3256.28 .O1 + .02 1536.76 00 — .I0 
03 2277.34 03 + .02 659.65 00 + .13 
07 3422.04 04 + .06 1787.14 -OL LO 
07 3288.32 -04 + .06 2031.01 02 — 15 
inal 1702.33 .12 — 3219.58 00 + .03 
14 2029.50 12 + 980.05 “1S: 21 
.19 1558.44 2I— . 538-30 62 + 
.09 3232.45 .05 + 2562.06 .O1 — 
09 1733-82 .0og + 1202.20 -08 + 
02 2397-65 .08 + 940.48 34 4+ 
19 1614.57 -Ig + 1495-54 .04 — 
.04 1656.83 .04 + 1391.29 o5— . 
12 1355-65 I4— . 1403.02 .05 — 
03 2070.90 .02 + 1617.01 13 — 
1924.10 .02 + 1807.76 07 + 
1080.64 16+ 1833.27 .04 + 
1045.41 18 + 1679-91 07 + 
1106.82 .06 — 2538.33 .0g + 
1003.23 14 + 2324.74 O3— . 
1888.22 .05 — 1941.09 17 + 
681.21 50 — 2035-02 13+ 
1548.42 .or + 2200.71 .06 + 
2596.69 .or + 2240.94 .03 — 
522.07 .36 — 3043-27 07 + 
670.56 20+ . 2820.13 .04 + 
1195-67 06 — . 2833.39 .02 — 


Distance. Correction. 


4) 


ON Aw RW DN 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4 
+ 
a 
+ 
+ 
= 
+ 
+ 
+- 
+ 
+. 
oes 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 


FEEL EEHE HEHE FFE EEE HEHEHE HHH HHH $+ 


SHEE HEHEHE HEHEHE HHH HH tete PT PE 
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§ 5. Corrections TO REsuLTS or MEASURES FROM THE QUADRILATERAL STARS. 


There is but one distance in the Quadrilateral measurement which is appreciably less than 
500°, and for it I have estimated the probable value for £ and the requisite correction as 
follows : — 


Stars: a, 7 Mags.: 6.5, 8.9 Distance: 267!! k= Tal Correction: -+0!!.37. 


The ensuing pages contain accordingly the corrections applicable to the observed values 
On pages 54 to 63 and the amended distances. I have added the comparison between these 
and the quantities computed from an assumed system of co-ordinates and the residuals of the 
adjustment carried out in the following section : — 


Corrections to Measures from Quadrilateral. 


F : Corrected ‘ A ; Corrected . 
Distance. Correction. ‘ Obs. — Comp. 5 Distance. Correction. : Obs. — Comp. Resid. 
Distance. Distance. 


NW " " " " "1 
+0.24 939-49 +0.13 2320.17 +0.56 +0.12 
+ .03 4218.10 — .03 2271.40 — .09 + .06 
ar cor 5125-32 5 AO 5937-19 OO 
+ .o1 6058.62 — .24 5697-17 — .10 


2202.90 +o0.01 
2245.13 + .84 
5800.83 — .31 
5584.48 ~ + .47 


1052.62 +0.02 
4071.82 + .37 
3261.81 + -45 
4479.28 + .45 


889.59 +0.55 
2807.71 Se git 
4390.70 + .82 
4710.27 SP ol 


983.87 —0.05 
3858.23 +1.23 
3291.79 —0.15 
4365-21 = soy 
2338.60 —O.EI) 
1991.62 Se oil 
5769.92 — .02 
5432.86 — .78 
697.86 +0.07 
3106.03 + .11° 


3978.85 — .20 
4512.25 ap ons 


— 


Or WR 


_ 
Lan! 


rR WR 


N 


Or WR 


Leal 
NS 


Or WE 


+0.14 1164.64 +0.37 
=p COx 3700.54 Se ole 
Or 5427.99 +03 
+ .00 6030.10 + .08 


657-85 = —9.57 
4332-03 = aie 
4142.85 — .10 
5362.84 + .26 


488.50 +0.52 
3694-53 + -09 
4762.24 + .45 
5517-53 + +59 


636.56 —0.32 
4116.58 + .19 
3792.18 — .15 
4960.07 — .25 

267.42 —0.07 
3584-95 9 + -47 
4036.71 9 — +37 
4858.90 + .II 


ws 
Or WE 
= 
W 
oz We 


a © 


BSS 


Or WDE 
_ 

- 

Or WR 
eS 


[bees taht ee 


oy 
o 
oe Se 


a 
B 
06 
8 


acta tolt 


~_ 
M2 WR 


oe. 
ae 
nee 


ee 


oe) 
oR WR 


a 


2125-41 —0.03 
5250.85 + .56 
2872.95 + .18 
4853-20 + .08 


5, © 


hase 
vO 


1408.00 +0.59 
2383.27 — .or 
4867.36 — .08 
4896.08 + .03 


726.80 —o.76 
3205.43 + .64 
3812.26 “23 
4417.72 + 24 


2000.99 +0.34 
246947 + -19 
5735-75 + .12 
5647-81 — .02 


‘oO 
Or WA 


Ae 


p++ +4+4+4 4444+ +444 


<n 


+1 ++ 41 
Rec a See re 


os) 
ie} 


OR WE 


720.70 —o.10 
3026.84 +; -25 
4565-50 sie OL, 
4993-93 + .03 


ee 
se 
ao 


++tt +t+t+ FHt+t F+t+H F444 F444 4444 4444 


++4++4+ 
bara 
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Corrections to Measures from Quadrilateral. — Continued. 


Corrected 


Distance. Obs. — Comp. Resid. 


Coecied Obs. — Comp. Resid. Distance. Correction. 
Distance. 


Distance. Correction. 
" " " " " " " 
+o.10 884.72 —o.38 —0.25 “rons 1939.83 ; +0.06 
+ .02 2913.28 — .ol — .18 B + .II 2675-31 . — .10 « 
+ .00 3988.61 + .02 — .04 + .08 3228.34 53 
+ .00 4394-69 — .06 — .10 + .08 3248.99 alle 


+0.16 1252.12 —o.18 +0.14 +0.11 2671.55 
+ .04 3883.53 + .03 — .09 B + .06 4414.10 
+ .06 3023.05 + .21 + .19 1618.09 
AP doe 4131.27 + .30 + .09 3117.04 


+0.06 1315.10 +0.04 +0.12 2110.88 
+ .03 2385.14 + .22 ° + .08 3169.98 
+00 4545.81 9 + .15 + .09 2693-77 
+ .00 4600.19 + .34 ; + .08 3017.60 


+0.06 1333-29 +0.06 +0.04 2881.46 
2365.75 + .18 + .o1 4591.82 
4409.48 + .58 + .09 1400.10 
4453-84 + .36 + .04 3066.55 


+0.07 2137.19 
+ .04 3123-69 
+ .05 2718.11 
+ .04 2987.76 
+0.07 2181.67 
+ -04 00-0 
+ .05 2632.88 
=" 204 2948.76 


+0.02 2727.69 
+ .00 4310.08 
+ .05 1602.57 
= O2 2955-71 


+0.06 2384.95 
+ .10 1551.89 
+ .02 4273-16 
+ .02 3635.11 


+0.10 2536.64 
ap ot 1310.39 


==) 04, 4511.35 
+ .06 3766.00 


+0.03 2528.95 
+ .0oo 3906.96 
+ .04 1937-60 
+ .02 2856.64 


N 
(} 


Or WEA 


21 
.06 
27 


-O1 


N 
4 
° 


Or DR 
l+++ +] 


ie) 


21 
Il 


14 
-16 


.08 
.06 
-16 
05 


.09 
07 
.08 


04 
a ae 


.10 
ait 
.16 


Ol 
-07 
07 
.05 
12 
.07 
05 
sith 
.06 
35 
41 
.20 


ie 
fo) 


[++ +44] 
[+++ +444 


| 


| 
° 
| 
° 


1218.03 —0.52 
3243-48 + .34 
3287.42 + .20 
3907-98 + .29 
1253.04 —o.62 
3247-14 23 
3254.01 Sez 
3873-79 + +27 
1752.92 —0.42 
4018.90 — .06 
2524.54 sp ol 
3740-27 cure], 
1360.22 —0.02 
2967.77 — .14 
3381.29 + .o1 
3781.12 + .15 


2801.53 +0.05 
5070.81 + .46 
1638.20 + .08 
3746.87 + .41 
1661.56 —o.4I 
3401-55 + -39 
2823.10 + .40 
3594-75 + .46 
1974.88 —0.35 +0.04 3092.89 
1918.77 + .42 : + .o1 4746.22 
4110.03 — .32 + .13 1186.50 
3768.57 — .10 ++ .04 2999-67 


2656.28 0.27 +0.03 2204.47 
1053-59 + .28 B + .03 2569.15 
5144.76 + .07 + .02 3199.94 
4395-93 = ive : + .02 3017.43 
2141.80 +0.19 +0.03 2298.83 
3674.45 + -41 + .02 3219.47 
2318.64 — .40 + .03 2562.28 
BLO. + .08 + .02 2833.13 
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Correction. 


" 
+0.04 
+ .02 
+ .22 
+ .06 


+0.07 
+ .03 
+ .46 
+ .09 


+0.09 
+ .10 


"+ .07 


ar oko) 


+o.10 
+ .09 
+ .1I1 
+ .12 


+0.03 
+ .04 
+ .02 
+ .04 


+0.09 
+ .09 
+ .10 
Gc mairieY-| 


+0.00 
+ .00 
+ .04 
+ .04 


+0.00 
+ .00 
+ .03 
+ .05 


+0.00 
+ .02 
+ .03 
+ .05 


+0.04 
+ .04 
+ .12 
+ .16 


+0.02 
+ .06 
+ .02 
+ .07 


Corrections to Measures from Quadrilateral, — Continued. 


Corrected 
Distance. 
' 
3364-71 
4979-34 


Q10.17 
2971.11 


3593-98 
5211.94 

687.90 
3013.76 
2808.87 
2411.60 
3230.91 
2525.99 


2773-27 
3045.21 
2601.27 


2354-59 


3039.66 
2334-03 
3329.02 
2388.89 


3123.88 
2929.12 
2742.06 
2043-96 


3741.31 
4125-35 
1645.93 
1630.20 


3678.31 
3471-17 
2372.53 
1445-15 


3639-46 
3186.56 
2666.98 
1523-62 


3894.52 
4062.74 
1818.38 
1400.50 


3690.32 
2333-31 
3592.22 
2039.88 


Obs. — Comp. 


rat 


+] +4 


| 
«2 


ae 


[+++ +1 


| 
sO: 


ae 


J}+++ 4+] 


Resid. 


" 
—o.12 
+ .0g 
— .03 
— .07 


—0O.OI 
+ .or 
— .02 
— .00 


—0.04 
— .08 


Distance. 
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lon) oO 
N taal 
Or DA 


Or WR 


ON 
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e 


OY MDR CNWMES 


Or WEA 


Correction. 


a wae 


5 


ge TPG Se Aes GSD ARS Sa ep oa ete eee bese a gee ama te 


[eee 


+] 


Corrected 
Distance. 
i 
3752-54 
2411.19 
3554-27 
1954.12 


3801.32 
2874.30 
3106.08 
1569.40 
4082.63 
1750.29 
4458.63 
2632.57 


4549.86 
4779-44 
1545-39 
1304.17 


4077-34 
2998.80 
3185.67 
1364.27 


4200.44 
3140.47 
3142.19 
121223 


4220.70 
2742.80 
3588.62 


1590.05 


4530-25 
4372-53 
2037-79 

849.03 


4673.16 
2103.18 
4748.92 
2583-79 


4709-79 
2616.31 
4239-45 
1948.37 


3696.01 
4274-71 
5124.12 
5642.60 
4339-72 
2849.06 
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I may restate that the co-ordinates used for finding the “computed” values were those of 
the uncorrected measures, or the values on pages 52 and 53, with the exception of the four 
Quadrilateral stars which were taken as follows (see pp. 64 and 66): — 


ae VG en ny Adé=+ Bat 66 Ree A ame G et oe aeK Decl.: +23 & 56.24 
B + 530.80 +3182.88 55 18 34.76 24 37 57-59 
y + 801.11 —2454.38 523) 5:07 22 AOS 
8 +3047-51 — 488.78 56 © 31-47 23 36 45-93 


The following table gives these computed distances, which were not stated in the original 
paper: — 
Computed Distances from Quadrilateral Stars. 


5 


" 
GUAR 12 2111.15 ~3160.76 2693.50 3017-85 
5427-86 2881.23 4591.66 1400.19 3066.85 
4142.95 2137-56 3123.97 2717.91 2987.68 
4761.80 2182.25 3199.70 2632.68 2948.61 
4274.97 2728.18 4310.04 1602.41 2955-23 
3792-33 2384.64  1§52:02 4273.00 3634.99 
4037.08 2536.47 1310.33 “A510.40 ~ 3760.05 
2872.78 2528.94 3906.86 1937.69 ~—2356-74 
5735-03 3092.57. 4745.98 1186.65 3000.19 
4565.31 2204.61 2569.60 3199-72 3017.42 
5937-13 2298.89 3219.50 2562.11 2833-38 
5801.14 3365-08 4979.03 910.07 2970-77 
3261.35 3593-68 5211.44 688.29 3013.61 
4389.88 5642.68 4330.91 
3291.94 2809.24 2411.65 3231.05 2525.79 
5769-94 2772.64 3044.96 2601.27 2355.50 
3979-06 2849-17 
4867.43 3939-79 2334-24 = 3329.14 23.88.49 
3812.02 2423-57 2928.89 2742.02 2044.16 
3022.83 3741-56 4125.56 1645.82 1630.55 
3988.59 3678.70 = 3471-55 = 2372.56 = 1445.24 
4545-06 3639-79 3186.90 2666.92 1523.20 
4408.90 3894.70 4062.62 1818.35 1400.39 
3287.22 3690.51 2333.16 3592.32 2039-94 
3253.82 3752-83 2410.78 = 3554-45 1954.80 
2524.43 3800.99 2874.01 3106.49 1569.62 
3381.28 4082.35 1750.12 4458.79 2632.66 
1638.13 4550.00 4779.31 1545-48 1303.81 
2822.70 4076.85 2998.89 3185.58 1364.34 
4110.35 4201.22 3140.60 3141.82 1212.15 
5144.70 4220.81 2743-05 3588.64 1590.51 
2319.04 - 4530.63 4372.90 2037.69 849.01 
3228.61 4672.95 2103-49 4748.38 2583.77 
1618.59 4700.85 2616.75 4239-39 1948.30 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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§ 6. ADJUSTMENT OF THE QUADRILATERAL MEASUREMENT. 


I have carried out in this revision the rigid adjustment outlined on page 66, combining 
the measures from the quadrilateral with the intermutual distances and position-angles of this 
latter in a simultaneous solution for all the quantities sought for. 

That is, for each star the equations of condition were taken including the corrections to 
the co-ordinates of a, 8, y, and 95; for instance, for star 1 we derive readily from the values 
on page 68:— 

—0.95%1 +0317, +0.95%, —O.31y, = Ae 
—0.85 —0.53 +0.85 Xe 10.53, —0.03 
—0.75 +0.66 +0.75 x, —0.66 y, +0.20 
—0.97 +0.23 +0.97 %; —0.23 Ys; —0.24 


the absolute terms being the new values on pages 339 and following. 

The normal equations for x, y,, %, y, . +. + Xs ¥%s, together with their solution for these 
unknowns are found on the ensuing pages multiplied by weights depending on the magnitude 
of the star, which have been estimated from the data on page 82, namely: — 


Magnitude: 3.0 to 7.5 Weight: 1.4 
7.7 and 7.8 1.3 
KOn ee  O.0 1.2 
Soke One I.1 
$4) “73.4 1.0 
S5 65.6 0.9 
OF eo 75.0 0.8 
8.9 “ 9.0 0.7 
O.1n) 20.2 0.6 


The normal equations and solutions for xy, 4,7 %Vs are then given, x, and y, are 
assumed equal to zero as one star-position as origin necessarily remains indeterminate; these 
result from the equations of condition on page 65, with the relative weights, 3.33 and 1.67, for 
the distance and position-angle measures respectively. 

I must remark here that in the old solution an error was made in the absolute term of the 
distance 64 y, this being taken 1.00 in defect. The co-ordinates of this star will differ 
appreciably, therefore, from the former results. There is also a misprint in the sign of the 
fourth equation for this star 64, which should be negative. 
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Normal Equations and Solutions for Stars measured from the Quadrilateral. 
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+0.40 ys 
+0.15 


—0.49 Vs 
+0.20 


—0.23 Js 
+0.04 


+0.43 Vs 
+o.21 


+0.31 Vs 
+0.18 


mo 39Is 
+0.22 


—O0.14 5 
+0.04 


—o.61 ys 
+0.42 


—0.24 V5 
+0.09 


+0.33 Is 
+0.08 


—0.29 V5 
+0.07 


—O.51 Vs 
+0.22 


+0.20 Vs 
+0.04 


059 75 
+0.69 


+o!!.96 
—o!!.48 


—oll.17 


+o!.g1 


+o!.18 
+o!!.22 


—oll71 


—o!l.12 


+o!!.24 


_—o!.73 


—oll.41 


—o!l.04 


+o!!.89 
0835 


—do!l.52 
+o!!.40 


+o!'.36 


—o!!.20 


+o0.14 
+o!!.70 


—ol!.56 
1017.55 


—t!l 12 


+o!.82 


—o!l.24 


—o!.05 


—o!!.12 


—o!.35 
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Wt. 1.2 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 1. 


Wt. 1. 


Wt. 


Wt. 


Wt. 


1.4 


0.7 


0.9 


0.6 


1.3 


O.7 


1.4 


I.O 


I.2 
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59 = +2.30 X59 
—0.79 
60 = +2.35 X60 
—o.80 
61 +0.95 %61 
—0.23 
62 +2.69 X62 
+0.45 
63 +1.08 x 
—o.36 
64 41.64 X64 
Be os0t 
65 +2.17 X65 
—0.65 
66 +3.06 Xe 
+0.37 
67 = -+-1.22 X67 
—o.06 
68 +2.22 xX 
—o.19 


The terms in %, x, . 
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—90.79 Vs9 
+330 


—0.80 Veo 
2.85 


— 0.23 Ve1 
+144 


+0.45 Veo 
+2.90 

ie 
—0.36 Ves 
+1.32 


—0.54 Vea 
+1.96 


—o0.65 Jes 
+3.-03 


+0-37 Ves 
$2.53 


—0.06 Vez 
+1.57 


—0.19 Jeg 
+2.97 


$0.27 %_  —0.55 Ig 
—0.55 1.13 
X59 = +0!!.196 
+0.20 Xg —0.47 Vp 
—0.47 +1.10 


Xo = +0!/.132 


+0.28 Xp 


—0,30 


—0.30 Vg 
+ 0.32 


Kg tO 242 


-+o.12 Xp —239Np 
—0.39 +1.28 
Xeq = —O!! 216 
+0.13%_, —0.25 Vz 
—0.25 +0.47 
Xo3 = + or 15 
+0.21%, —0.38 Ve 
—o. 38 +0.69 
Hog = —O!.377 
+0.40%,  —0.60 ¥g 
—o.60 +o0.90 
Xg5 = —0"!.037 
+0.18 %,_  --0.47 Ve 
—0.47 +1.22 
xe = —o!!,287 
+0.48%, —0.32 Vz 
—0.32 +0.21 


Xe7 = +0!!.107 


+0.72 Xp —0.65 Ip 
—o.65 +0.58 
Xeg = —Ol.181 


$0.07 X,, 0.309, 
+0.30 TSS 
Isp = —0!.343 


T0110 %, +034I, 


+0.34 +1.20 
Joo = —0!.275 
+0.03 x, +0.12 yy, 
+0.12 0.57 
Ie, = —O!'.036 
+0742, 10.709, 
+0.70 +0.66 
Yen = —O!.170 
+0,08 x, +0.20 yy 
+0.20 +0.52 
Jes = +0183 
+0.14 x, 10.339, 
+0.33 +0.76 
Joa = +0!.196 
+o.16 x, +0.43 9, 
+0.43 +104 
¥e5 = —0'!.060 
+0584, +0.69 9, 
+0.69 +0.82 
Joo = +0!'.312 
+0.07 x, +0.21 Ue 
+o0.21 +0.63 
Jer = +0".363 
10.27 x, +047, 
+0.47 +1.09 
Ves = +o!.183 


+0.58 xs 
—o.69 


+0.76 xs 
—-0.64 


+0.11 x5 


—0.23 


+0.71 x5 
+0.70 


+0.27 Xs 
—0.30 


10.39 Xs 
—0.45 


+0.31 x5 
—0.55 


+1.06 x5 
+0.60 


+0.03 5 
—0.15 


+0.04 x; 


. 0.24 


—o0.69 ys = +0!.82 


+0.81 —1!.47 
—0.64 3 = +0!'.65 
+0.54 —1!l.05 


—0.23 3 = +0!.23 
+0.49 —ol.17 


+0.70 93 = —0".57 


+0.68 —o!!.52 
—0.30 3 = +0!.32 
+0.32 +0!!.06 
—0.45 V3 = —o!!.66 
"40.50 +o!!.50 
—0.55 V3 = —o!!.00 
+0.98 —oll.29 


+0.60 y; = —o!!.62 
10.34 +0".77 


—0.15 ys = +0!!.08 
+0.67 | +o!!.53 


—0.24 y; = —o!!.49 
+1.25 +o!!,52 


Normal Equations and Solution for the Stars of the Quadrilateral. 


and are not repeated. 


Terms 1n xy <-. 
ee 


i Aes aNd OY, a 


- + ¥g are found 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


Wt. 


1.4 


1:3 


0.6 


1.4 


0.6 


0.9 


ra 


Loy 


0.7 


1g 


in the preceding set of normals 


ut 


- X68 +27.69 X, 9:85 Ya = 2,500, = OILY, — 3.20%; + 1.12 y; = —6.40 
Vos + 9-15 +63.40 + O11 — 5.00 + 1.13 — 4.29 —4.86 
—"2.50 -- 0.1 ee Tar —I4.11 — 3.81 — 1.25 —0.92 
— O11 — 5.00 —I4.11 +63.76 — 1.25 — 3.69 +2.70 
— 3.20 + 1.13 — 3.31 — 1.25 +66.12 —12.39 —2.00 
+ 1.12 — 4.29 — 1.25 — 3.69 —12.39 +24.92 —0.36 
Mf Mf 
X_ = —0.122 Wt. 13.9 Ip = —0.057 Wt. 14.8 
x, For 16 52.0 Jy 0057 14.5 
x, +0.150 25.6 Jy = 0.054 8.0 
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The general correctness of this complete solution, in which I have been aided by Miss 
Margaretta Palmer, seems to be assured by the agreement of the value [2 - 136] = 6.57 
with the quantity [f~ - vv] = 6.62, derived from the residuals on pages 339 and following, 
together with those of the position-angle equations, which are :— 


Stars : aod af ay BS yh By 
Residuals: —o!!.oo —o!!.o0 +o!!.40 +o!.19 —oll.o4 —o!!.35. 


§ 7. CoMPARISON OF THE Two MerasurEMENTS AND DepuctTion oF Fina RESUuLts. 


In order to retain in both measurements the same position for Alcyone, the adopted 
central star, the corrections 
Aa = %, sec 6 = +0!.03 and AS = 3 = +0!!.18 
must be deducted from the values derived from the application of the corrections 
Ce, fe ane tne Quadrilateral ones, %, 7, ..: %, ¥; We then get the fols 
lowing table of results of the two measurements : — 


Separate Results: I. from Alcyone, Ll. from Quadrilateral Measures. 


I 
2 
. 
4 
5 
6 
7 
8 
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The comparison of the two series of values shows, as was to be expected, a certain system- 
atic difference due to the assumption of the co-ordinates of the two origins of the two measure- 
ments: star 45 or 7 for the Alcyone, and star 5 or a for the Quadrilateral Measures. Forming 
the several differences, and giving the same weights as heretofore, this systematic difference is 


found : — 
Quadrilateral — Alcyone Aa: —o!.18 Ad: —oll.13 


Using these values, the comparison of the two measurements is as follows, dividing off the 


stars into four magnitude groups as before, on page 85. 


Comparison of the Two Measurements. 


Mag. 3.0 to 7.5. Mag. 7-6 to 8.1. Mag. 8.2 to 8.8. Mag. 8.9 to 9.2. 
Mag. Aa Mag. Aa . Mag. Aa Mag. 


4/ 
+0.11 
+ .2I 
+ .12 
— .08 
— .00 
— .17 
.28 
+05 
-09 
‘47 
:12 
.08 
.18 
35 
14 
Aue 
15 
35 
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-20 
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: —o!!,02 +0.06 Means Means: —o!!.09 +0!/.05 Means: +0!,.13 —o!!.16 


Except for the faintest class of stars, possibly, the means show that the measurements are 
sufficiently homogeneous as regards magnitude. The residuals themselves lead to values of 
the probable error of a co-ordinate, as follows : — 


Probable Error of One Co-ordinate. 


Mag. 3.0 to 7.5. Mag. 7.6 to 8.1. Mag. 8.2 to 8.8. Mag. 8.9 to 9.2. 


0! 071 +o!!.062 ko!!.085 oll. 124 


From the internal agreement of the measures themselves, it was previously found (p. 86) 
that we should expect for these values : — 


to!!.064 o!!.068 +o!!.082 -to!!.096 
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Only the last class of stars shows any residual error of importance, and thus a considerable 
amount of discrepancy has been removed by the new discussion. 

A rigid determination of the combining weights of the two measurements is a matter of 
some complexity. An inspection of the table on page 84 of the values used in the former 
incomplete solution shows that in general the two systems of results are approximately of 
equal weight. I have considered it justifiable, in view of the small possible systematic dis- 
crepancy still attaching to each measurement, to adopt equal accuracy for both, and have thus 
derived the following final results. Only for the four Quadrilateral Stars, a, 8, y, and §, or 
Nos. 5, 48, 51, and 69, I have given the Quadrilateral Measurement double weight, as this 
determination is clearly of considerably greater weight for these stars. 


Final Results of First Yale Triangulation. 


Bessel’s No, , : ; Precess. : 3 Declination. 1885.0 Precess. 


" " I! 
153-3329 33-51 | +15.7245 
.4016 : 32.47 -7050 
.2667 ; 7.87 -6762 
-3566 : 52-16 6744 
3295 é 36.10 -6475 
2714 é 2.76 -6417 
3277 : 5-16 6256 
32 : 26.03 .6253 
5254 : 38.16 -6237 
-3994 : 19-37 -6192 
5584 . 37-37 6107 
RATS : 28.65 -6067 
2577 26! 25.84 -6016 
-4065 . 8.38 5933 
2775 : 20.25 5908 
-5616 43:57 5854 
3645 5 28.92 5387 
Anon. 4645 : 59-22 5869 
Anon. 6 -3497 : 40.52 5843 
20 ¢ Maia : 3799 : 26.26 5748 
Anon. 7 : -2687 c AZas2 5714 
21 & Asterope ; 4457 : 39-31 -5696 
22 / Asterope -4399 : 4.50 5595 
Anon. 8 3305 : 9-49 5455 
Anon. 9 : 3295 é 49-53 5429 
23 @ Merope : 2484 c 20.72 5378 
Anon. Io +3559 : 45-50 5296 
-1440 . 55:37 poe 
3087 é 41.18 5148 
4593 eA 44.64 4923 
-5639 : 44.13 4883 
2813 : 15.74 .4849 
+3799 é 9.66 4787 
2106 : 24.70 PAu ait 
3314 . 16.40 4705 
1947 ; 8.92 -4680 
3362 : 55-51 -4672 
+3290 ; 33-51 4651 
2219 ; 47-22 4643 


16 g¢ Celaeno 
17 © Electra 


Cry DA RW NH 


18 m 
19 ¢ Taygeta 


Anon. I 
Anon. 2 
Anon. 3 
4 
5 


Anon. 
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6. 
re 
8 
8. 
6 
5, 
3. 
9: 
3. 
8. 
9: 
Q- 
Ree 
Q- 
9. 


° 


Anon. I1 
Anon. 12. 


Anon. 13 


Anon. 14 
Anon. 15 
Anon. 17 
Anon. 18 
24 p 


Anon. 19 
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final Results of First Yale Triangulation. — Continued, 


Bessel’s No. , Right Asc. 1885.0. Precess. Sec. Var. Declination. 1885.0. Precess. 


i " " / ' " 
Anon. ; 9.29 +53-4921 +0.2684 13 53.92 +11.4631 
Anon. ‘ 46.20 5167 .2690 Lo 1.95 -4002 
Anon. ‘ 41.76 2615 2623 23 29.24 -4605 
Anon. : 26.87 1821 -2600 19 17.93 .4569 
Anon. ; A232 3912 -2656 55 54-40 4557 
25 7 Alcyone H 43-96 3282 .2639 44 54.71 -4556 
Anon. 25 3 II 56.69 -1622 +2593 2 85. 164 -4450 
Anon. 26 é 23.70 -I417 2585 rane eye) 4378 
: 34.81 .6470 2703 BS ESS 41 32, 
Anon. 27 : 40.77 4183 .2052 48.69 -4031 
12.45 3552 -2037 12.79 -4102 
Anon. 28 : 5-04 -1146 +2567 0.28 3916 
Anon. 29 47.02 -4338 .2650 28.17 43834 
4.08 -379! -2634 37-42 +3772 
44.40 2763 .2601 15-52 -3499 
51.82 3484 .2616 2.46 3349 
10.30 3775 72622 2.86 3334 
34.99 2923 2601 3-03 +3314 
2220 4091 .2646 37.20 .3276 
38.19 -4657 .2643 AB eT RONG 
40.66 Aen2 -2633 44.17 3161 
24.58 5560 .2664 36.25 Bue2 
Rit ii -2438 2579 37.80 E2032 
48.25 4278 2027 34.93 2919 
59-27 4218 2022 53.13 .2813 
20.86 .4679 .2634 52-94 .2796 
2.54 .2960 2591 52.26 2962 
55-70 -5849 -2659 55-67 +2575 
5-20 5 302 -2642 41.97 2423 
Bie +3549 2589 45-80 AMR 


26S 

27 f Atlas 
28 h Pleione 
Anon. 
Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
Anon. 
Anon. 
Anon. 


Anon. 
Anon. 
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In the table on page 87, the declination of star 66 was taken 10’ too large, and the pre- 
cession computed with the erroneous value. Also the precession in R. A. for star 58 was 


mei rOr. 
§ 8. COMPARISON OF THE OBSERVED DISTANCES WITH THE Fina RESULTS. 


It appears desirable, before accepting the preceding discussion as definitive, to compare 
the observed distances as corrected by the assumed law with the values computed from the 
finally adopted co-ordinates. This comparison is given in the following table, which is divided 
up into the magnitude groups, and arranged according to increasing distance, and also gives 
the amount of the applied correction. 
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Comparison of the Observed Distances with the Final Results. 


Mag. 3.0 to 7.5. Mag. 7.6 to 8.1. Mag. 8.2 to 8.8. 


. Appl. 5 ? : Appl. : — 
Distance, Com Distance, Co Distance. feel Obes Distance. 


Mag. 8.9 to 9.2. 


636 
660 
689 
721 
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Comparison of the Observed Distances with the Final Results. — Continued. 


Mag. 8.2 to 8.8. Mag. 8.9 to 9.2. 


Mag. 3.0 to 7.5. Mag. 7.6 to 8.1. 


i F ~— § : Appl. 
Appl. Obs. — Distance. PPI. Phase Pair. Distance. “PPI. . Distance. Pp 


Distance. Cory, Final. Corr. é Corr. : Corr. 
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Taking the means of the several indicated subdivisions and giving the distances from n 
double weight as they rest upon eight measures, as against three from the Quadrilateral 
stars, and the intermutual Quadrilateral ones which depend upon twelve measures weight 
three, we find 
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Mean Values. 


Distance. Mag. 3.0 to 7.5. Mag. 7.6 to 8.x. Mag. 8.2 to 8.8. Mag. 8.9 to 9.2. All Stars. 


R R ” ” ” ” 
fo) by 100 +o.08 Wt. 12 +0.03 Wt. 16 —o.13 Wt. 14 +0.02 Wt. 15 
100 200 —0.05 ran +0.01 27 +0.02 +0.01 28 


200 * 300 +0.06 36 —0.OI 34 —0.03 —0.07 35 
over 300 +0.02 33 —0.00 12 —o.06 +0.01 24 


” ” ” 


All distances +0.008 +0.012 —0.007 


An examination of this table shows that in the means of the several groups for all stars 
and all distances the systematic errors have been practically eliminated. For two of the 
subdivisions apparently a certain amount of discrepancy remains, notably the short distances 
of the brightest stars appear to have been over-corrected, and the somewhat faint stars of 
about 8.5 magnitude under-corrected. But’considering the whole run of the subdivisions, it . 
seems to me probable that the corrected measures have been rendered self-consistent to 
within less than o”.10. 


§ 9. CoMPARISON OF THE FINAL RESULTS WITH THOSE OF THE KONIGSBERG AND THE 
SECOND YALE TRIANGULATIONS. 


It is not my purpose to attempt an exhaustive determination of the relative motions in 
the cluster. There are, I understand, at this moment a number of photographic impressions 
under measurement which will materially add to the available material. I will therefore only 
give a comparison of the three heliometer measurements at Konigsberg and at Yale. The 
revised BrssEx places are found in Part I, page 99, and the results of Mr. Smiru in Part VIII, 
" page 389, of these Transactions. The resulting differences are consigned in the following 
table, and they are also shown in the accompanying plate, the Konigsberg displacements 
being indicated by a full line and the second Yale ones by a broken line. 

The numbers on this chart are those of the Yale measurement. 
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Comparison of Konigsberg and Yale Triangulations. 


Wg 


SS 


é 
I 
2 
3 
4 
5 
6 
Cc 
7 
k 
a 
8 
9 
d 
1) 


An examination of these data seems to show that only for nine of the stars common to 
the three measurements there is sufficient corroboration to warrant the conclusion that they 
have moved relatively to the group. Six of these are those indicated in my previous memoir, 
page 100, as not belonging to the group; the displacements now found are: — 


¥w—-K Y:—¥ Y:—K %-K %—-Y Y—K 

Now Ys 340K 44 R. A.: —1.60 —0.77. —2.37 Decl.: +1.95 +065  +2.60 
36 17 —2.80 —0.90 —3.70 +L17  —O.08 +1.16 

4 21 —1.35  ---0.57 —1.92 +1.29 +1.08 +2.37 

47 26 —2.0l1 —0.75 —2.76 +1.04 —0.04 1.00 

63 35 —1.30 —O41 —I.71 +2.19 +1.04 43.23 

64. 36 —1.71 +033 —1.38 11.45 +1.:13 +2.58 


If we attribute equal weight to each determination, and take the epochs as 1840, 1885, and 
1901.5 the resulting annual relative motions of these stars are: — 


A CHART OF THE 


PLEIADES 


SHOWING THE 


APPARENT DISPLACEMENTS 
RESULTING FROM A COMPARISON 
OF THE 


MKONIGSBERG ann YALE MEASURES. 
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No.: Y¥.34 K. 14 Relative Motion in R. A.: —0.038 in Decl.: -+0.042 
36 7 —o.061 +0.020 
41 21 —0.031 +0.036 
47 26 —0.045 +0.018 
63 35 —0.028 +0.053 
64 36 —0.026 +0.041 


It seems not unlikely that star 48— 8 of the Quadrilateral — which was not observed at 
K6nigsberg has the same general drift as this group; the differences —o’.78 and +0!.44 
leading to 


” w” 


No.: Y. 48 Relative Motion in R. A.: —0.047 in Decl.: +0.027 


The remaining two of the nine stars seem to have a displacement somewhat in common. 


These are 
V¥,—-K—“Y,—Y¥, Y,—K Yuk Vy) Vv, 
No.: Y. 46 K. 25 Re Aes 285 9 4-1.06° 2.61 Decl.: —0.87  —0.20 —1.07 
54 S$ +099. +068  +1.67 —0.96 +0.05 —o.gI 


® 
which lead to the following relative annual motions : — 


No.: Y.46 K. 25 Relative Motion in R. A.: -+0.041 in Decl.: —o.018 
54 Ss +0.026 —0.016 


The remaining divergences noted in my previous memoir, page 100, with the possible 
exception of Anon. 8, are apparently mostly due to small uncertainties in the Koénigsberg 
results, many of which for the smaller stars rest, it will be remembered, on observations of 


two nights only. 
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: A 
SECOND DETERMINATION 


OF THE 
eta wlviE POST LIONS p.OR THE PRINCLEPAL, STARS 


IN THE 


GROUP OF THE PERIADES. 


§ 1. INTRODUCTION AND PLan. 


eS 


In the fall of 1900, Dr. ELxin suggested that I should make a second triangulation of 
the Pleiades with the Yale Heliometer. An interval of sixteen years having elapsed since 
Dr. Exxin’s triangulation was made, it seemed possible to obtain valuable additional evi- 
dence as to the relative motions of these stars. 

The plan of measurement adopted was the first or Quadrilateral method used by Dr. 
Evxin in his First Yale Triangulation. In this plan the places of the several stars depend, 
as set forth on pages g and 10, on measurements of their distances from each of the four 
fundamental or Quadrilateral stars, a, B, y, 6. The work of securing these measurements 
' was begun in October, 1900, and was carried on during the winters of 1900-1901 and 
1901-1902, four observations of each distance being obtained, of which two were on the east 
side of the meridian and two on the west side. A number of observations of the Quadri- 
lateral stars themselves, and of Dr. ELxrn’s two zones, were also secured at intervals during 
and at the close of the work. The observing list was made up of the same stars used by 
Dr. Exxin with the exception of stars 3, 7, 11, 12, 15, 16, 33, 50, 53, 61, and 67, all of which 
are of 9.0 magnitude or less, and were omitted on account of the difficulty of accurately 
observing such faint stars. The list therefore contains fifty-eight stars, including the four 


fundamentals, a, B, y, 6. 
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§ 2. REDUCTION OF THE OBSERVATIONS. 


In this work a complete determination of a distance consists of four pointings, two in 
each position of the semi-lenses. Between the two pointings in each position of the lenses 
the images were apparently reversed 180° by the reversing prism in the eye-piece. This 
eye-piece has a power of 210, and has been used in all the work since 1885. In cases 
where the brightness of the two images differed by more than half a magnitude, a wire gauze 
screen of suitable mesh was used to obtain as near an equality as possible. + 

One division on each scale was read, and the run of the micrometer was determined on 
each night by the measurement of the two division space 149-151 on scale A, the value of 
which I determined by reference to forty-eight other two division spaces. This run showed 
no dependence on temperature, and it seemed sufficient to take a mean value for each season, 
In alternate pointings pairs of webs in the registering micrometer, one-half revolution apart, 
were used so that the principal term of any periodic error of the micrometer screw was 
eliminated. 

The division errors of the scales were taken from the table given by Dr. ELKIN on page 23. 

During the winter of 1900-1901 the focal point reading was kept at 10.50, where it had 
remained since 1885. In April, 1901, however, a series of focusings led to the adoption of a 
focal point reading of 10.90, which remained unchanged during the remainder of the work. 
In order to determine the necessary reductions for variations in scale value due to this change 
and other possible causes, the two diagonal distances of the quadrilateral, ad and By, were 
measured on each night. Furthermore, in September, 1901, I found that the use of spectacles 
rendered the work of pointing less laborious and they were employed for the remainder of 
the work. In November, 1901, one semi-lens had to be removed for the purpose of oiling the 
slides, and the whole series of measures thus falls into the following seven groups :— 


Group I. October, 1900, to January, 1901, Telescope East of meridian. 
LieDecember, 1900, to March, 1901, Telescope West of meridian. 
III. September, 1901, after changing focus in April, 1901, Telescope East of 
meridian. 
IV. September, 1901, to November, 1901, after beginning the use of spectacles, 
Telescope East of meridian. 
V. Same as Group IV, but Telescope West of meridian. 
VI. After removal of lens in November, 1901, until January, 1902, Telescope East 
of meridian. 
VII. November, 1901, to March, 1902, same as Group VI, but Telescope West of 
meridian. 


he observations of a6 and By, which now follow, are given fully reduced; that is, 
corrected for refraction, aberration, run, and division error. The sums of the two distances, 
and also the thermometer readings, are given. 
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Periop I. October, 1900, to Fanuary, 1901: Telescope East. 


aé By Sum. 
@R R R 
404.037 444.934 848.971 
<O55 “937 09 = 
053 965 9.018 
1044 943 8.987 
003 -996 999 
061 950 9.011 
.09O Io .000 
3-993 981 8.974: 
4.032 5-011 9-043 
.034 4-972 .006 
°037 973 -O10 
.O51 -980 -031 
.037 982 op fe) 
.026 953 8.979 
:055 903 958 
-030 .948 978 
+037 Bobs 9.050 
-052 4-973 .025 
POT 952 8.973 
O77 954 oie 
1052 957 009 
-044 .963 -007 
038 984 .022 
.050 929 8.979 
1025 953 -978 
.076 -Q9I 9.067 
-048 923 8.971 


Periop Il. December, 1900, to March, 1901: Telescope West. 


a6 By Sum. 

R R R 
403.972 444.920 848.892 
4.030 : g-O1I 
.019 : .007 
3-997 . .OOI 
4.071 : 047 
.069 : .003 
.O1l : .003 
.030 : .O10 
.037 : .024 
.O10 : 8.979 
-O15 : 981 
034 : 9.026 
056 : ONT 
O51 : .000 
O51 : 047 
-040 - 009 
3975 : 8.961 
4.000 : .968 
.008 é -963 
.028 : 977 
.062 < 9.057 
.058 : .046 
053 : 039 
.028 j +042 
074 . 009 
057 . oT) 
.O14 8.993 
031 é 9.016 
.009 : 8.954 
3.998 : 944 
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Periop III. September, 1901: Telescope East. 


Date. af By Sum. 

R R Py R 

1901 Sept. 404.059 445-049 849.108 
.088 .005 093 
.092 .O14 -106 
.067 -024 -ogI 
077 .022 099 
.087 -042 -129 
.089 .024 sig 
075 052 127 
-088 -o61 -149 


Periop IV. September to November, 1901: Telescope East. 
Date. afd By Sum. 

R R R 
1901 Sept. 404.092 445-059 849.151 
.08 4 049 tee 
-106 .046 -152 
102 .063 -165 
aw i 047 -162 
siiin -072 .183 
.102 .061 .163 
118 054 BL es 
~112 -O47 -159 
.107 053 160 
116 .034 -149 
.120 051 Gr 
IOI .040 -I4I 
.103 .068 171 
2 .070 .052 ee 
08 I 045 -126 


PERIOD V. October and November, 1901: Telescope West. 


ad By Sum. 
R R R 
404.120 445-034 849-154 
.089 055 144 
-126 .060 -186 
-O81 1039 -120 
107 .052 -159 
.078 .050 128 


Periop VI. Wovember, 1901, to Fanuary, 1902: Telescope East. 


Date. aé By Sum. 

R R R 

1go1 Nov. 404.058 445.020 849.078 
-061 .016 077 
052 022 .074 
-089 O15 -104 
101 034 135 
-101 .028 -129 
Sig +054 -167 
063 .042 -105 
058 O12 .070 
057 .060 +117 
.060 025 -085 
065 .029 -094 
-100 4-992 092 

1902 Jan. 070 5-009 -079 
-104 4.994 .098 
.076 5-021 097 


+033 022 2055 
078 005 .083 


ir 
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Periop VII. 


LVovember, 1901, to March, 1902: Telescope West. 


af 
@®R 


404.076 


.066 
052 
074 
.122 
ae 
:077 
.089 
2073 
.065 
*045 
.070 
075 
.107 
.096 
124 
072 
052 
.084 
.084 
.087 
.128 
:097 
.084 
.068 
.084 
.104 
.114 
096 


By Sum. 
R R 
445.038 849.114 
4.996 .062 
5-018 .070 
+044 118 
-O4l -163 
.027 178 
.056 -133 
.027 -116 
025 .098 
.032 :097 
O15 .060 
.029 -099 
-062 37) 
023 130 
-052 .148 
057 181 
+009 081 
-035 .087 
4-994 .078 
5°949 “135 
-088 75 
-058 -186 
.064 161 
.029 113 
-039 +107 
.050 134 
.036 .140 


-099 Pie 
.116 -I12 


From these data I have made an attempt to ascertain the effect of temperature on the 


measures. The several groups and pairs give the following :— 


Temperature Effect of an Increase of 1 on a Distance of 1". 


From 
ce 


6c 


a0, 


B 94) 
both 


R 
+0.00000037 


—0.00000023 
+0.00000006 


The final value from both pairs, in extreme cases, does not affect.the measures more 
than one unit in the third decimal, and therefore I have made no use of it in reducing 


the observations. 


The mean values of the sums of a6 and By for the several periods and the mean 


temperatures are: — 


Period I 
II 


aaarcest Temp. 31.8 
849.0058 23.0 
849.1128 61.2 
849.1550 46.6 
849.1485 38.6 
849.0966 25.0 


849.1250 25-4 
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From the agreement of Periods I and II, IV and V, and VI and VII, it appears that the 
position of the instrument had no appreciable effect, and hence the means of the sums for 


these periods have been taken as follows: — 


R 

Periods I and II 849.0045 
Ill 849.1128 

IV and V 849.1517 

VI and VII 849.1108 


All the measures in each of these groups have been corrected by the divergences of 
these mean sums from the round value, 84.9000. As in Dr. ELkin’s work, no correction 


for proper motion has been applied to these measures. 


§ 3. MEASURES FROM THE QUADRILATERAL STARS. 


These measures are given in the following pages. On account of a possible uncertainty 
in the measurement of short distances, it was at first considered best to dispense with them ; 
later it was thought advisable to include these shorter distances and to allow for this 
possible error in the equations of condition, and hence the four measures for some of the 
stars were not all made on the same night. The measures are corrected for refraction, 
aberration, division error, and micrometer run, and with the correction for each instrumental 
period applied. The mean values were converted into seconds of arc by means of an 
assumed scale value (that determined by Dr. ELx1n on page 28, viz.: 12”.68167) for the 
purpose of carrying out the adjustment. The values found from the final scale value as 
deduced in §5 are also given. 

It may be stated that an attempt was made to see if the accordance of the several nights 
could be improved by the application of the scale value for each night found from the 
observed standard distances a6 and By, but this was found not to be the case. 


Date. y 
R 


1900 Nov. 
1got Feb. 
tgo1t Dec. 
1go1 Dec. 
1g02 Mar. 
1g02z Mar. 


Assumed value 


Final value 


1go1 Jan. 
Igor Jan. 
Igor Sept. 
1g01 Nov. 
tgo1 Dec. 
1902 Mar. 


Assumed value 


Final value 


3 
13 
13 
27 
21 
26 


546 
564 


332.5382 


4217.13 
4217.20. 
R 
291-712 
-689 
-728 
“7117 


291.7115 


3699-39 
3699-45 


404.095 
«150 


141 
129 
404.1287 


5125.02 
5125.10 


R 
427.989 
428.014 

.021 


.067 


428.0227 


5428.05 
5428.14 


477-733 
-796 


724 
-746 
477-7497 


6058.66 
6058.75 


R 
475-489 
531 
-502 


506 


475-5970 


6030.22 
6030.31 
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1900 
IQOL 
Igor 
go2 
go2 
1902 


Assumed value 
Final value 


IQOl 
1901 
IQOL 
IgOI 
TQOl 
1902 


Assumed value 
Final value 


1900 
Igo 
IgOl 
1902 


Assumed value 
Final value 


1900 Nov. 6 
1901 Feb. 27 
T9QOI Sept. 19 
1go1 Nov. 3 


Assumed value 
Final value 


tgot Jan. 6 
1901 Feb. 27 
1got Nov. 2 
tgo1t Dec. 21 
tgoz Feb. ro 
1go2z Oct. 25 


Assumed value 
Final value 


B 
R 


201.257 
+245 
301 


271 


Y 
R 


375-510 
518 


933 


502 


t) 
R 


435-039 


-094 
+020 


033 


29 I.2 735 
3693-83 
3693-89 


R 
324-592 

.607 

598 


588 


Yoke bw | 


4762.17 
4762.24 


R 
299.016 
“O34 
2075 


O41 


324.5962 
4116.41 
4116.47 


R R 
167.577 414.018 
.602 +035 
596 035 
590 065 
167.5912 414.0382 
2125.24 5250.69 
2125.36 


R 
157-778 
-789 
788 
779 


299-0415 


3792-35 
3792-41 


R 
226.600 
589 
+535 
554 


435-0465 
5517-13 
55 17.22 


R 
391.130 
BESO 


-120 


105 


391.1262 


w” 


4960.13 
4960.21 


R 
382.686 
Sfp 
717 
-694 


226.5695 
2873.28 
2373-33 


R 
452.286 
293 
.283 
2605 


382.7170 
4853-48 
4853-56 


R 
445-311 
+385 
-369 
+351 


157:7835 
2000.95 
2000.98 


452-2817 


” 


5735-69 
5735-78 


R 
359-988 
359-967 
360.013 


359:997 


445-3540 
5647.83 
5647.92 


R 
393-769 

832 

825 


805 


3026.24 
3026.29 


359-9912 
4565.29 
4565.36 


393-8077 
4994-13 
4994.21 


369 


370 


Star. 


13 


14 - 


17 


18 


19 


Date. 


1g00 Oct. 25 
1901. .Feb,. 12 
1901 Nov. 27 
1g02 Jan. 7 
1902 Mar. 2 
1902 Mar. 10 


Assumed value 
Final value 


tgo1 Mar. 22 
1gor Nov. 30 
tgo1 Dec. 18 
TOOZMLCD aA: 
1902 Mar. 22 


Assumed value 
Final value 


1900 Dec. 17 
1go01 Feb. 10 
1901 Novy. to 
1g02 Jan. 7 
1902 Feb. 27 
1902 Mar. 25 


Assumed value 
Final value 


1900 Dec. 26 
1gor Feb. 21 
1got Oct. 15 
1902 Jan. 3 
1902 Jan. 13 
190z Mar. 24 


Assumed value 
Final value 


1900 Dec. 16 
1901 Mar. 30 
LootNDec. 5 
1902 Jan. 3 
1902 Jan. 30 
1902 Mar. 24 


Assumed value 
Final value 
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a B y 6 Temp 
R R R R e 
321-105 257-199 353-166 55 
-040 185 .183 22 
82.986 .086 183 152 22 
981 22 
983 055 -I51 -198 44.5 
83.010 20.5 
82.9900 321.0715 257-1795 353-1747 
1052.45 4071.71 3261.47 4478.85 
1052.47 4071.78 3261.52 4478.92 
R R R R - 
224.465 346.201 371.461 38 
70.103 .402 EFT -440 25 
154 385 PING 423 17 
efiG2 +342 -195 434 14 
BLY 575 
70.1415 221.3610 346.1950 371-4395 
889.52 2807.23 4390.33 4710.47 
889.53 2807.27 4390.40 4710.54 
R R R R a 
244.932 313-754 355-781 21.5 
875 -786 784 18 
55-013 865 751 Sie 28 
.018 a2 
033 908 Refop ed 39.5 
54-999 32 
55-0157 244.8950 313 7730 355-7832 
697.69 3105.68 3979.16 4511.92 
697.70 3105-73 3979-22 4511.99 
R R R eg . 
187.857 383.828 386.107 29 
-886 .840 053 19 
111.033 879 834 .084 49-5 
052 20 
.044 -906 865 -106 a7) 
013 41.5 
111.0355 187.8820 383.8417 386.0875 
1408.11 2382.65 4867.75 4896.22 
1408.13 2382.69 4867.83 4896.30 
R R R R . 
aya 300.571 348.314 18 
750 558 385 38 
57°359 ‘179 581 401 14 
339 19 
-306 -712 -598 337 14 
*331 41.5 
Siensawae) 252.7382 300.5770 348.3592 
727.06 3205.14 3811.82 AAC 
727.07 3205.19 3811.88 4417.84 


Date. 


1gor Jan. 
tgor Feb. 
1gor Nov. 
1got Dec. 
igor Dec. 
1902 Feb. 


Assumed value 
Final value 


1900 Nov. 
1go1 Feb. 
1g0o1 Dec. 
Igo2 Jan. 
1902 Mar. 
1902 Mar. 


Assumed value 
Final value 


1g00 Oct. 21 
1gort Feb. 25 
Igot Sept. 27 
1g01 Oct. 26 
tgo1 Dec. 20 
1902 Feb. 13 


Assumed value 
Final value 


1900 Oct. 21 
tgot Feb. 25 
1gor Sept. 27 
1gor Oct. 26 
1g0r Dec. 20 
1902 Feb. 13 


Assumed value 
Final value 


1900 Dec. 16 
tgot Feb. 6 
Igor Sept. 23 
nero! IDE, Xe 
1g02 Jan. 19 
1902 Mar. 26 


Assumed value 
Final value 
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B Y 

R R 

229.701 314.521 
OL 523 
735 543 


-697 -516 


371 


6 
R 


346.543 
548 
548 


0522 


229.7085 314.5257 


3988.71 
3988.77 


R 
238.368 
346 
382 


+385 


346.5402 


4394-71 
4394-78 


103.714 
Ses 
692 
.692 


103.7032 


£315.12 
1315-14 


105.142 
-145 
142 
132 


238.3702 


3022.93 
3022.98 


R 
358-433 
-462 
-456 
+433 


R 
362.666 
-741 
7137 
700 


358.4460 


362.7110 
ASOT, 
4590.34 


R 
351.189 
236 
212 
203 


105-1405 


1333-36 
1333-38 


96.076 
.036 
.o61 
032 


4409-17 
4409.24 


R 
259-244 
267 
276 


+259 


35 1.2100 
4453-92 
4453-99 


R 
308.150 
-109 
-168 


-IQI 


96.0512 
1218.09 


1218.11 


255-7102 259-2615 


3287.86 
2287.91 


3242.82 
3242.87 


308.1545 
CIC7 ue 
39ST D7 


372 


Date. 


1900 Dec. 
1go1 Feb. 
1gor Sept. 
t1go1 Dec. 
1902 Jan. 
1902 Mar. 


Assumed value 
Final value 


1900 Nov. 5 
1got Feb. 28 
1go2 Jan. 6 
1902 Feb. 23 


Assumed value 
Final value 


tg900 Dec. 
igor Feb. 
1901 Sept. 
1g01 Dec. 
1902 Jan. 
1902 Jan. 


Assumed value 
Final value 


1900 Dec. 27 
igor Jan. 2 
tgot Mar. 23 
1gor Sept. 7 


Assumed value 
Final value 


tg00 Dec. 27 
1gor Feb. 21 
1g01 Sept. 7 
1902 Jan. 3 


Assumed value 
Final value 


1900 Noy. 2 
1900 Dec. 9g 
Ig01 Sept. 15 
1902 Feb. 15 


Assumed value 
Final value 
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98.839 
831 
869 
.819 


98.8395 


1253-44 
1253.46 


R 
138.221 
+224 
219 
201 
138.2162 
1752.81 
1752.84 


R 


107.251 
284 
-279 
.288 


107-2755 


1360.43 
1360.45 


R 
220.909 
.922 
.948 
.968 


256.0212 
3246.78 
3240.83 


R 
316.913 
952 
-QOI 
-QII 
316.9192 


4019.06 
4019.12 


R 
234-035 
253190 
234.020 


O15 
234.0152 


2967.70 
2967-75 


256.5782 


3253-84 
325389 


R 
199.103 
.088 
O51 
2053 
199-0737 
2524.58 
2524.62 


R 
266.628 


655 
652 


651 
266.6465 


3381-51 
3381.56 


R 
129.175 
.188 


124 
-198 


220.9367 


2801.84 
2801.88 


R 
130.960 
131.055 

024 

-018 

131.0142 
1661.48 
1661.51 


R 
155-761 
-708 
-767 
738 
155-7435 


LOTS CD 
1975.12 


399-8525 


5070.80 
5070.88 


R 
268.201 
297 
+236 
248 
268.2455 
3401.80 
3401.85 


R 
151.284 


279 
.281 


+290 
151.2835 


1918.52 
1918.55 


129.1712 
1638.11 
1638.14 


R 
222.584 
607 
601 


+592 


305-4440 


3873-54 
3873-60 


R 
294.968 
975 
923 
933 
294.9497 


3740-45 
3740-51 


R 
298.132 

-080 

.148 


+159 
298.1297 


3780.79 
3780.85 


R 
295-436 
-427 
432 
393 
295.4220 


3746.44 


222.5960 


2822.89 
2822.93 


R 
324.082 
-096 
085 
-102 
324.0912 
4110.01 
4110.07 


297.129 
158 
-I7I 
-170 

297-1570 

3768.44 
3768.50 


MEASURES FROM THE QUADRILATERAL. 


Date. 


tg0o Dec. 14 
190mm Feb. 5 
igor Nov. 21 
1902 Jan. 12 
1902 Mar. 10 
1902 Mar. 14 


Assumed value 
Final value 


1900 Dec. 14 
1900 Dec. 14 
tgo1 Nov. 20 
1902 Jan. 13 


Assumed value 
Final value 


1go1 Sept. 21 
rgo1 Nov. 21 
wot. Dec. 1 
1902 Jan. 28 


Assumed value 
Final value 


1900 Dec. 9 
IgoI Jan. 13 
igor Oct. 20 
1902 Feb. 11 


Assumed value 
Final value 


1900 Dec. 
1900 Dec. 
1gor Oct. 
igor Dec. 
rgo2 Jan. 
1902 Mar. 


Assumed value 
Final value 


1900 Dec. 29 
gor Jan. 6 
tgor Oct. 19 
1902 Feb. 5 


Assumed value 
Final value 


83.033 
053 
5023 


075 


a 
R 


405.670 
674 
tg 


-708 


8 
R 


346.591 
683 


-637 


672 


209.4527 


2656.21 
2656.25 


R 
168.945 
+950 
-880 
887 


168.9155 


2142.13 
2142.16 


R 

210.529 
574 
584 
584 


83-0460 


1053.16 
1053.18 


R 
289.779 
-794 
-774 
825 
289.7930 


3675.06 
3675.12 


R 
348.021 
.038 
-037 
1047 


210.5677 


2670.35 
2670.39 


R 
166.450 
-435 
-435 
-437 


348.0357 


4113.67 
4113-74 


R 
249-960 
913 
936 
941 


405.6927 


182.8260 
2318.54 
2318.58 


R 
127.709 
-691 
729 
27 


346.6457 


4396.05 
4396.12 


R 
246.781 
846 
836 
872 


246.8337 


127-7115 


1619.59 
1619.62 


R 
212.448 
.416 
435 
-414 


166.4392 


2110.72 
2110.75 


R 
227.179 

174 

144 


138 


227.1587 


2880.75 
2880.80 


R 
168.526 
518 
512 
+554 


24345 
3169.62 
3169.67 


R 
362.109 

.148 

.089 


£27 


212.4282 
2693-94 
2693.98 


R 


110.474 
.464 
462 
.469 


362.1182 
4592.26 
4592-33 


R 
246.315 
“30/ 
339 
code) 


110.4672 
1400.91 
1400.93 


R 
214.333 
Seine 
378 
-346 


245.8555 


3117.96 
3118.01 


R 
237.887 
904 
+925 
899 
237.9187 
3017.20 


3017.25 


R 
241.912 

-894 

897 


879 


241.8955 


3007.64 
3067.69 


R 
235-598 
593 


597 
.607 


168.5275 


2127-27 
2137-24 


246.3340 


S9235-95 
3123.98 


214.3540 
2718.37 
2718.41 


235-5987 


2987.78 
2987.83 


373 


374 


Star. 


38 


39 


40 


41 


42 


43 


Date. 


1900 Dec. 11 


1gor Jan. 8 
1gor Oct. 19 
1902 Feb. 5 


Assumed value 
Final value 


1900.. Dec: 127 
Igor Jan. 7 
1go1 Sept. 25 
1902 Feb. 15 


Assumed value 
Final value 


1900 Dec. 18 
1g01 Feb. 2 
gor Oct. 15 
1g01 Dec. 20 
1902 Feb. 10 
1902 Mar. 26 


Assumed value 
Final value 


1gor Mar. 18 
1g0o1 Nov. 10 
1got Dec. 6 
1902 Feb. 6 
1902 Mar. 22 


Assumed value 
Final value 


tg900 Nov. 10 
1901 Feb. 27 
1got Mar. 18 
toor, Oct, 7 


Assumed value 
Final value 


TOO An ee2 
gor Jan. 3 
igor Oct. 20 
1901 Dec. 21 
1902 Feb. 23 
1902 Mar. 24 


Assumed value 
Final value 


SECOND PLEIADES TRIANGULATION. 


a. B Y 6 Temp. 
R R R ° 
172.034 252.312 207.652 232.543 19.5 
054 327 619 540 31 
O41 314 616 ‘522 53 
.056 284 615 -499 II 
172.0462 252.3092 207.6255 232.5275 
2181.83 3199.70 2633-04 2948.83 
2181.86 3199-75 2633.08 2948.88 
R R R R % 
215.113 339.878 126.350 233-034 29 
-120 875 +390 .077 33-5 
.121 888 -407 -063 46 
085, 883 368 .048 2735 
215.1097 339-8810 126.3787 233-0555 
2727.95 4310.25 1602.69 2955-53 
2727.99 4310.32 1602.72 2955-58 
R R R R ‘ 
188.065 336.963 286.613 29-5 
.044 -965 .606 16 
.062 122.372 956 614 49 
3604 18 
.061 +391 .983 616 21 
377 38 
188.0580 122.3760 336.9667 286.6122 
2384.89 1551.93 4273-30 3634-72 
2384.93 1551.95 4273-37 3634-78 
R R R R ‘ 
200.005 355-312 297.080 39 
-052 103.313 -765 045 29 
.031 249 797 -046 14.5 
.O41 284 -780 037 18 
281 57:5 
200.0322 103.2817 355-7885 297-0520 
2536.74 1309.78 4511.99 3767-12 
2530.78 1309.80 4512.06 3767.18 
R R R R é 
199-397 308.114 152.787 225.296 37 
426 107 -796 274 21 
423 .087 807 sf 39 
396 093 815 .260 46 
199.4105 308.1002 152.8012 225.2757 
2528.86 3907-23 1937-77 * 2856.88 
2528.90 3907-29 1937-79 2856.92 
R R R R . 
243-855 374-234 236.534 26 
870 2605 536 11.5 
-390 286 93-570 536 44 
oe 18.5 
855 -241 549 553 30 
566 4t.s 
243.3675 374-2565 93-5055 236.5397 
3092.64 4746.20 1186.57 2999-72 
3092.69 4746.27 2999-77 


1186.59 


MEASURES FROM THE QUADRILATERAL. 


Date. 


1900 Nov. 
1go1 Feb. 
Igo1 Sept. 
tgo1 Nov. 


Assumed value 
Final value 


1900 Nov. 5 
1901 Oct. 28 
tgo1 Nov. 9g 
1902 Apr. 2 


Assumed value 
Final value 


1900 Dec. 
1g00 Dec. 
1go1 Dec. 
1902 Jan. 
1902 Mar. 
1902 Mar. 


Assumed value 
Final value 


1go1 Jan. 8 
1go1 Feb. 21 
tgo1 Nov. 30 
Igo2 Jan. 3 
1g02 Jan. 30 
1902 Mar. 24 


Assumed value 
Final value 


1901 Feb. 26 
Igor Sept. 8 
tgor Dec. 27 
1902 Feb. 11 


Assumed value 
Final value 


1900 Dec. 18 
1g01 Feb. 26 
Igor Oct. 4 
tgo1 Dec. 19 


Assumed value 
Final value 


2204.74 
2204.77 


R 
181.232 
.268 
250 
-282 
181.2580 
2298.65 
2298.69 


R 
265.381 
-383 
+390 


378 


265.3830 
3365.50 
3365.54 


R 

283.385 
362 
pis 


384 


283-3455 


a” 


3593-29 
3593-35 


R 
221.501 
481 
.490 
.510 
221-4955 
2808.93 
2808.97 


R 
239-037 
.688 
-656 
674 
239.0637 


3939-34 
3939-39 


B 
R 


202.612 
-605 
-629 
627 
202.6182 
2569.53 
2569.57 
R 
253-905 
880 
859 
898 
253-8855 
3219.69 
3219-74 
R 
392.642 
685, 
657 


-698 


tf 
R 


252-374 
328 
343 
340 

25 2.3462 

3200.17 
3200.22 


R 
202.042 
025 
-026 
.020 
202.0282 
2562.05 
2562.09 


8 
R 
237-900 
920 
907 
-Qol 


392.6705 
4979.72 
4979-77 


R 
411.000 
.029 
.048 


-O10 


411.0217 
” 


5212.44 
5212.52 


R 
190.218 
.169 


194 
s1igpti 


54-302 
313 
+330 
+295 

54-3100 

688.74 
688.75 


R 
254.807 

817 

72 


810 


190.1880 
2411.90 
2411.94 

R 

184.045 

.080 
.088 
:079 

184.0730 
2334-35 
2334-39 


254.8015 
2231-31 
3231.36 

R 

262.540 

Coe | 
541 
567 


262.5512 : 


” 


3329-59 
3329-64 


237-9070 
3017.06 
3017.11 


R 
223-444 
428 
395 
424 


223-4229 
2833.37 
2833-41 
R 
234.211 
225 


0233 


215 


234.2210 
2970.31 
2970.36 
R 
237°439 
631 
697 


.656 


237-6807 
3014.19 
3014.24 

R 

509-3 

434 
b7g 
Le 

199-1585 
2525.66 
2525.70 


R 
188.380 
72 
349 
338 
188.3597 


2388.71 
2388.75 


375 


Date. 


1900 Dec. 8 
1g00 Dec. 11 
igor Sept. 24 
1902 Jan. 27 


Assumed value 
Final value 


Igor Jan. 
tgo1 Mar. 
1901 Dec. 
1go2 Jan. 
1902 Feb. 
1902 Mar. 


Assumed value 
Final value 


1go1 Jan. 
1gor Feb. 
1go1 Oct. 
1go1 Noy. 
tgo1 Dec. 
1g0o2 Mar. 


Assumed value 
Final value 


1900 Dec. 17 
Igor Jan. 8 
t1gor Nov. 21 
1g0o2 Jan. 3 
1902 Feb. 11 
1902 Mar. 14 


Assumed value 
Final value 


1900 Dec. 29 
1900 Dec. 29 
1go1 Sept. 26 
1902 Heb. 18 


Assumed value 
Final value 


1900 Dec. 29 
Igor Jan. 29 
1901 Sept. 26 
1g02 Feb. 18 


Assumed value 
Final value 


SECOND PLEIADES TRIANGULATION. 


a 


R 
295-929 
.068 
.086 
.084 
295.0667 
3741-94 
3742.00 
R 
290.060 
.009 


.066 


.048 


B 
R 


375:33° 
7 
357 
32 
325-3525 
4126.01 
4126.07 


R 
273-738 
784 


“753 
781 


290,0607 
3678.45 
3678.51 


R 
286.988 
287.012 
286.995 

992 


286.9967 


3639.60 
3639.66 


R 
307.118 
-112 
124 


.087 


307.1102 
3894.67 
3894-73 


R 
290.982 
290.996 
291.008 

021 
291.0017 
3690.39 
3690.45 


R 
295.887 
950 
945 
923 
295-9262 
3752-34 
310299 


273.7040 
3471.78 
3471.83 

R 

251.311 

356 
0330 


sey 


251.3270 
3187.24 
3187.29 

R 

320.401 

-390 
377 


431 


329-3997 
4063.20 
4063.26 


R 
184.087 
.038 
054 
183.990 
184.0422 
2333°95 
2333-99 
R 
190.154 
136 
-179 
-160 
190.1572 
2411.51 
2411.55 


Og! 
187.1000 
2372-74 
2372.78 
R 
210.272 
291 
-290 
281 


210.2835 
2666.75 
2666.79 

R 

143-410 

.406 
+390 


-388 


143-3985 
1818.53 
1818.56 


R 
283.268 
+2390 
207 
SA 
283.2577 
3592.18 
3592-24 


R 
280.260 
<2 7-4 
ka 
263 
280.2627 


” 


3554-20 
3554-26 


113.9715 
1445.35 
1445-37 

R 


120.123 
-108 
-116 


-120 


120.1167 
1523.28 
1523.30 

R 


110.429 
444 
442 
438 

110.4382 

1400.54 
1400.56 


R 
160.839 
.804 
852 
.848 


160.8357 
2039-66 
2039.69 

R 

154.101 

-106 
— 
097 

154-0995 
1954-24 
1954.27 


MEASURES 


Assumed value 
Final value 


1900 Dec. 8 
1900 Dec. 9g 
Igor Sept. 25 
1901 Dec. 20 
1902 Feb. 4 
1902 Feb. 27 


Assumed value 
Final value 


1900 Dec. 17 
1901 Feb. 19 
Igor Sept. 8 
LOOZB Jane 3 
1902 Jan. 3 
1902 Mar. 24 


Assumed value 
Final value 


1go1 Feb. 
Igor Sept. 
tgo1 Dec. 
1902 Mar. 
1902 Mar. 


Assumed value 
Final value 


1900 Dec. 
1go1 Feb. 
Igol Sept. 
igor Dec. 
tgo1 Dec. 
1902 Mar. 


Assumed value 
Final value 


299-7025 


3800.72 
3800.78 


R 
358-770 
734 
“771 


743 


358-7545 


”" 


4549-61 
4549.68 


R 
321.429 
447 
433 


.469 


321-4445 


4076.45 
4076.51 


R 


331-291 
-256 
.268 


-293 
331-2770 


” 


4201.14 
4201.21 


R 
332-808 
.800 
833 
859 


376.8995 


” 


4779-72 
4779-80 


R 
236.484 

-436 

425 


ae 
236.4650 


” 


2998.77 
2998.82 


R 
247.654 
667 
-631 


616 
247.6420 


3140.51 
3140.56 


R 
216.349 
.310 
337 
-360 


FROM THE QUADRILATERAL. 


Y 
R 
944 


961 


244.9442 


3106.30 
3106.35 


R 
121.818 
.860 
S61 


851 


121.8475 


15.45.23 
15.45.25 


R 
251.287 
281 
265 


243 
251.2690 


3186.51 
3186.56 


R 


247-819 
822 
O17 


.862 
247-8300 


3142.12 
B42 eny 


R 
282.964 
282.998 
283.012 


282.993 


216.3390 


ww 


2743-54 
2743-58 


282.9917 


3588.87 
3588.87 


123.754 
-802 
-707 
yi 


123-7735 


1569.65 
1569.67 


R 


102.831 
854 


845 
842 


102.8430 


1304.22 
1304.24 


1212.02 
1212.04 


R 


125.452 
421 
.468 
-456 

125-4492 


1590.90 
1590.92 


377 


378 


Date. 


roost jer 2) 
Igor Jan. 29 
1gor Oct. 4 
tgot Dec. 20 
1902 Jan. 23 
1902 Feb. 27 


Assumed value 
Final value 


Igor Jan. 5 
tgo1 Feb. 12 
LOOTROCt NE: 
1902 Feb. 23 


Assumed value 
Final value 


SECOND PLEIADES TRIANGULATION. 


a 


R 
357-240 
205 


0235 


219 


35 77-2272 


” 


4530-24 


B 
R 
344-867 


828 
872 


855 


Y 


R 
160.680 


-694 
686 


Ba 


344-8555 
4373-34 
4373-41 


R 
206.357 
368 
354 
343 


370-6797 


” 


4700.84 
4700.91 


§ 4. ADJUSTMENT OF THE MEASURES. 


206.3555 


” 


2616.93 
2616.97 


160.6927 


2037-35 
2037.88 


R 
334-383 
+349 
338 
361 
334:3577 
4240.22 
4240.29 


66.940 
952 
949 
2949 

66.9475 

849.01" 
849.02 


R 
153-657 
.684 
671 
.692 
153-0760 
1948.87 
1948.90 


The adjustment has been carried out on the plan outlined in Dr. Etx1n’s Revision of his 


Triangulation, on page 


343, only, as just noted, a term depending on the reciprocal of the 


distance has been included to allow for a possible personality in observing the coincidence 
The coefficients of an unknown, 4, found by the 


of the images when swinging through. 


formula 


& = 600"! : Distance, 


and the absolute terms, z, of the equations of condition, derived by comparison with the 
values assumed by Dr. Ekin, as given on page 342, are given in the following table, which 
also gives the residuals, z, left by the substitution of the deduced corrections in the equations 


of condition. 


al 


or WR 


aN ry 
or DS or We 


ony 
or Wa 


= 
fe) Ne) (oe) 
or DR or @eA 


or @e 


Lal 
ow 
or We 


or DR or DBR or WEA 


or @e 
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aN 
~s 


or We 
or @e 
or We 


or Wea 
or dea 
|} ++ | 
aN 
Na) 
or De 


or @e 
8 Oo 
ore Dea 
cae 
|} +++ 
ee 
wn 
N 
or Wea 
40 


or We 
am 
ed 
or Wea 
5 ag AS) 
fe) 
on 
mS 
or Wea 
ah aes) 


estes, | 


ieee: 
ee 
a ah 
fe) 
wn 
on 
wus 


[+++ 414+ 


or @ea 
or WS 
qe ae ae Sr 
or @De 


or We 
aS 
+1 ++ 
Sn 
or @ea 
~ @ 

fe) 

on 

a 

or Wea 
ess 2 


sie, 
ee 
Pee 
° 
wn 
~ 
a, AY 
A ie 


lel 
}+t++ +414 


++++ 4+] 


a 
B 
Y 
8 


or WR 
¢ 
or a 


or Wea 
or @e 
fe) 

on 

» © 
or Wea 
oe 

|} ++ | 
Bh aS 


eo 


or Oe 
eo. 
: or de 
gens: 
fe) 

gerne g ++++ 
wn 
Noy 
or We 
vig A 


or @s 
ee 
or Wa 
ye 
Matas +++ | 
}++ | 
AE tat obs 
a 
4 re) 
or @ea 
a aee) 


2 
“ES 
2% 
ie 


or We 
or Oe 
eee 
++ | 


fe) 
| 
° 


| 


or We 

fe) 
J+4++ +1 
iis Sa eoee Oe sek ees, Tet he 
or @ea 

| 

iO 

ne AS 


a 2 
° 
| 
fo) 


eer 
HEE HEHE HEEH HHH FHEFH FHFH FEE FHEHE FHtt HHtH FH4+4 F444 


e) 
Speier ee eech 


Aas 


eee nt ha eee gee ete he ee a ee 
Had sGe epaeM es SERS TE arab Gee ties: oe crea See ge ayaa Gott ane deers ar coat ya af eas ge ane trae ae 
| + 
(e) 


or WR 
S am ale ae 
or @es 


380 SECOND PLEIADES TRIANGULATION. 


++++t++ +444 


The remaining terms of the equations of condition can be easily ascertained by refer- 
ence to pages 68 and following. The same system of weights has been used as that adopted 
by Dr. Exxin, on page 344. That these cannot be far wrong follows from the subjoined 
table, in which for the relative weights an estimated residual error of +0’.06 is taken into 
consideration. 


Probable Error of One Observation of Distance. 


Distance. 


; Relative 
Magn. R, Sets. 100¥ to 2008, : 2008 to 3008. t Over 300%. Sets. Sets. Weight. 


3-0 tO 7.5 0.104 SNO.0 20) 72 
7-6 to 8.1 0.128 + 0.159 60 
8.2 to 8.8 0.161 O.1 gt 57 
8.9 to 9.2 0.181 230.158 27 


” 


Means : 50.153 


The normal equations are then the same as those found on pages 344 to 348 for the 


terms in %,... 2% and y, ... yg. The terms in £ and the absolute terms are given 
below, together with the solution for the quantities sought. 


Solution. 


+0.507 
+0.450 
+0.360 
+o.111 

0.000 
+0.249 
Outage 
—0.056 
Jia +0.596 
Ji1 GROn ity) 
Jig = +0.602 


Ji 
J2 
IH 
Ne 
Js 
Jo 
Ji0 
Jis 


Hou ow doe ea 
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Solution. 


Ce Ue A OES TS IESE ST a ee I ie a 


HU WW te eT ete the thea 


For the Quadrilateral stars and for £ the normal equations have been derived by giving 
the intermutual distances weight 4. We thus find: — 


Normals for Quadrilateral. 


= O0lw 0.18 y, : — 3.132 = + 8.76 
— 3-994, ; —11.67 = —10!!.08 
—12.61 y, : — 3.762 = — 1.62 
+53-79 9, ; +13.122 = + 9.68 


= 2007 : —13.292 = — 5/!.33 
— 1.904, + 2.692 = + 2!!.32 
113-12 Y, : + 2. 421.25 = + 3!.40 
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The solution of these equations has been made assuming y; = 0, as, no position angles 
having been considered, three quantities remain indeterminate. 


Solution. 
x“, = +o!l.740 Wt. 6.8 5 -+o!.256 Wt. 8.2 x, = +0!.253 Wt. 12.8 
Ig = —O .320 Wt. 16.6 See .o16 Wt. 16.9 k = +0 .160 Wt. 6.1 


The probable error of one equation of weight 1 comes out +0".118, the values of 
[2-114] and [p-vv] being respectively 3.34 and 3.33. The weight of & is found 
to be 6.15, and therefore its probable error = +0”.048, and hence a certain amount of 
personal error seems to be present, and the solutions have been carried out with the 
deduced value of &. 

An inspection of the following table of the residuals, arranged in order of increasing 
distance and in the several magnitude groups, shows that a complete internal agreement has 
been attained. 

Residuals in Order of Distance. 


Magn. 3.0 to 7.5. Magn. 7.6-8.1. Magn. 8.2-8.8. Magn. 8.9-9.2. 


Residual. Residual. Pair, Dist. Residual. Pair. Dist. Residual. Pair. Dist. Residual. 
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Magn. 3.0 to 7.5. Magn. 7.6-8.r. Magn. 8.2-8.8. } Magn. 8.9-9.2, 


Residual. Pair. Dist. Residual. Dist. Residual. Pair. Dist. Residual. Pair. Dist. Residual. 
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§ 5. DeEpuctTion oF ScaLeE VALUE AND ORIENTATION. 


The values just deduced for the corrections to the assumed system of co-ordinates 
depend on an assumed scale value, and neglect any error of orientation. For the determi- 
nation of these latter, observations were made of the same zones of stars used by Dr. ELxin 
in his work. The positions of the end stars of these zones were very kindly determined by 
meridian observations with the six-inch Meridian circle at Washington, by Prof. A. S. FLint 
at Madison, by Prof. H. Barrerman and Dr. GuTunick at Berlin, by Prof. R. H. Tucker at 
Mt. Hamilton, and by Prof. F. Kustner at Bonn. The several positions are as follows: — 


STAR @. STAR 6. 
Obs. Wt. R.A. Decl. R. A. Decl. 

2 hm. Bee S u ud eee. Ss. © f Li/ 
Washington Bdas R3Ty 33.280 24 17 13.04 a Aze 27.440 260" 57) 224-40 
Madison [ae 33-132 13.02 27.356 23.84 
Berlin aie 33-144 13-43 27.376 : 24.34 
Mt. Hamilton 2 1 33-222 14.17 27-444 23.73 
Bonn 4 1.5 33-150 13.64 27.391 24.10 

h. mm. Ss. e Y i he. m. s © u Ue 
Mean cy Ge Be eG 6 2A ioe 3.40 S42. 27.401 26 37 24.06 


2 


Mean by Wts. 3a gi 633.169 ZA "17 13-44 3. 42 27.400 26) 17 24-12 
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STAR ¢. STAR @. 
Obs. Wt. R. A. Decl. R.A Decl. 

hy --m, Se 2 f Ls he) i. s. © f ltd 
Washington (teen Boe At eG 7.0 27 21 37) SAT.g6 3 63 %7.075 23 81 “0.04 
Madison Supe 57-877 39-70 17.060 0.57 
Berlin er 57-859 40.31 17-041 0.83 
Mt. Hamilton 2 1 57-972 40.07 17.104 0.49 
Bonn ips Cis 57-914 40.89 17.028 0.95 

h. m. Se 2 u ie h. m Ss. 2) 4 id 
Mean S284e? -S7:91o 21 37 40.46 3 53 17-062 220225 Seon 0 
Mean by Wts. B Az a 7.00d 2% 37 -40:53 3 53 17-058 23°21 O45 


The mean epoch of all these series is 1903.0, very nearly. 

The means have been formed both by giving equal weight to each observatory and also 
by estimating weights depending on the number of observations and the character of the 
instruments, and these latter means were adopted. 

The distance, measures of these zones were obtained at intervals during each period, 
and are given in the following tables, fully reduced and corrected to the adopted standard, 


R 
849.0. It has seemed best, however, to use the means of the corrected and uncorrected 


values, and these were converted into arc with the assumed scale value as before. 


Date. aa 

R 
492.172 

O71 
Dec. 174 
150 
-122 
090 
-163 Ses 540.019 
-137 . .040 
710 539-955 
128 é 540.000 
159 : O12 
-156 539-960 
-136 4 943 
163 O41 -962 
74. .042 540.006 
" sigs :029 539-971 


1900 Oct. 


igor Feb. 
Mar. 


Sept. 
Oct. 


Noe 


DOP O CWUN DON 


Dec. 
1go2 fan. 
Feb. 
Mar. 


16 Obs. Mean 


Corr. to 849.0 


Corrected Mean 


Adopted 


Assumed value 


492.1439 


—0.0077 


492.1362 


492.1400 


6241.16 


404.0361 

—0.0063 

404.0298 

404.0329 
51 ae 


539:9747 


—0.0085 


539-9662 


539-9705 
6847.72 


The intermutual distances in the Quadrilateral are as follows : 


Date. ap ay Bo 
R R R 
Oct. 291.407 237,010 341.557 
-442 .084 .542 
Dec. 403 .081 e572 
-439 .102 .562 
Feb. .390 .050 .490 
424 .066 .550 
Mar. .419 BP ee .561 
-417 -057 +549 
Sept. .402 .094 “555 
Oct: .460 .075 ce72 
-444 -007 555 
Dec. -399 .078 aienigs 
Jan. -395 .088 529 
Feb. ALT .060 565 
Mar. -399 .063 563 
.418 .O71 -549 


16 Obs. Mean 291.4172 337.0091 341.5492 224.0681 


R 
Corr. to 849.0 —o.0046 —0.0053 —0.0053 —0.0035 


Corrected Mean 291.4126 337.0638 341.5439 224.6646 


wy uw uw uw 


Assumed value 3695.60 4274.52 4331.35 2849.12 


° 
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Date. By ye 
R R 
1900 Oct. ; 444.933 425.241 
: -936 -196 
Dec. : 971 -146 
445.012 .229 
444.994 -217 
-967 MUOS 
445.020 2a 
444.977 +225 
988 -242 
.964 207 
O71 224 
-983 -184 
"933 “197 
992 2.57 
é 445.004 -190 
II é 444.990 -186 
16 Obs. Mean 454-4232 444.9772 425.2072 


Corr. to 849.0 ~0.0071 /  —0.0070 —o.0067 


1gor Feb. 
Mar. 


Sept. 
Oct. 


7 
8 
6 
7 
5 
3. 
18 
20 
4 
9 
6 


Dec. 
1902 Jan. 
Feb. 
Mar. 


Corrected Mean 454.4161 444.9702 425-2005 
Adopted 454-4196 444.9737 425-2039 


a” au 


Assumed value ; 5643.00 5392.29 


The position angle measures of these zones were unfortunately not secured until the 
close of the work. The proper motions of these stars are, however, quite small. For the 
reduction of these observations, results were obtained for the instrumental adjustments as 
follows : — 


rgo1 Nov. = +77! y= 72! é, =—54!! i! = —yoll pare 
1go2 Apr. Coe ee RAE y= —83!! 2; = —36!! ¢! = —6o!! b= +3" 


and for » I have adopted the value given by Dr. Exrxin, on page 36, w = +80". 
With these values applied according to the formula on page 35, and also the corrections 
for refraction, division error, run, and the reduction to 1903.0, the epoch of the meridian 


observations, the results are as follows:— °* 


Date. 


1902 Mar. 


PLEIADES TRIANGULATION. 


SECOND 


Positions of the stars a, B, y, 8 have been derived by applying to the relative co- 


ordinates on page 64 the corrections found on page 382, and the precession to 1903.0. 


I thus find: — 
R. A. Decl. R.A. Decl. 
° ’ ” ° ’ ” fo} ’ ” ° , " 
@ 54 45 30.88 23.59 5-23 B 55 34 40.05 24 41 22.64 
55 300 8:26 Pe OY eine & 56 16° @z or 23405 24103. 


From these data we derive the following equations of condition, involving corrections 


to the assumed star places, %,, y,, Xa Ya - + » Xs x, to the scale value per 1000*, As, and 


to the position circle zero, Ap. 


Distances. 
Computed. Observed. 
aa 6240.25 —0.985 x, +0.985 x, +0.173 y, —0.173 Y, —o.492 As = 6241.16 
ad 5523.65 —0.975 x, +0.975 Xs 0.2227. —0.222 Vs —0.404 As = 5123.81 
bd 6849.13 —0.986%; +0986", s+0.167¥, —0.167y, —0.540A 5 = 6847.72 
6B 5762.69 +0.021%,  —0.021 %, +1.000 7, 1.000 Vg —0.454A 5 = 5762.79 
By 5643-00 —0.042 X, +0.042 x, +0.999 Ve —0.999 Vy —0o.445 As = 5643.00 
y¢ 5392-07 —0.056 x, +0.056 x, +0.998 y, —0.998y, —0.425 As = 5392.29 
. Position Angles. 
Computed. 7 Observed. 
ao Too) 62 «636.60 + 5.7%, — 5.7%, +3259, —3259, —AP= 100 | eee 
ad 1oz2 50 8.0 + 389%, — 8.94; +39:2¥q —39-2I5 —Ap=I02 51 57.0 
8d 96-38 —- 52 + 5.025 —50%,  +20.67; —29.6y, —Ax=" 99 “39 ckec 
6B I8E 10 31.9 +35+7 X —35-7 Xp — 0.6 ¥, + 0.6 ¥, —Ap=181 12 9.7 
By 177 34 27-3 +3664, 36.6%, +1269, —-2:07, ——Apieay7) s0meeae 
ye 176 46 55-9 +38.2 x, —38.2 x, + 2.2 9, — 2.29, —Ap= 176  49-ghy 
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These twelve equations have been solved in the two groups of six for each zone, putting 
the corrections to the co-ordinates of the end stars equal to zero. We thus find :— 


w” ” ” 


x, = +091 Ong NS Oso 
Xx; = +1.22 Js = —0.49 NSD STIS 
X_, = +0.79 Ig = —0.19 NESE On 7 
4, = +1.05 Jy = —0.25 Ap = —126.0 


The values for As and Ag from the two zones are in excellent agreement, and for the 
scale-value correction the mean has been adopted : — 


As = +0.20 


The position angles for a5 and By, when corrected by their respective A J, lead to the 
correction for orientation as follows :— 


fe} , ” ” 


a6 102) 49° 55.7 Orientation Correction = —12.3 
By 177 34 18.0 . - ts = — 93 


” 


Mean = ces 


This mean value has been adopted. 


§ 6. DeEpDucTION OF THE FINAL RESULTS. 


The respective corrections for the corrections for scale value and orientation just derived 
are found in the following table, together with the corrections found in § 4 for Aa=zxsec 6, 
and Aé=y. In order to preserve the same origin as in the First Yale Triangulation, 
the corrections deduced for y (star 45) are to be subtracted before deducing the final 
co-ordinates. 


vals Decl. 
Correction for Correction for 


Adjustment. Scale Value. Orientation. Adjustment. Scale Value. Orientation. Origin. 


+0.28 —0.05 —0.05 +0.51 +0.01 —o.16 
—0O.17 —0.05 —0.09 +0.45 +0.03 —0.15 
—0.13 —0.04 —o.06 +0.36 +0.02 —0.13 

0.00 —0.04 —0.04 0.00 +0.01 —0.12 
—o.19 —0.04 0.00 +o.11 0.00 — —o.II 
—o0.72 —0.03 +0.08 0.00 —0.02 —o.10 
——OnOi —=0.03 Ont 5 +0.25 +0.04 Spins 
SOLAS —0.03 OO +0-13 +0.02 —0.tO 
—0.42 = OHOs +0.02 —o.06 0.00 —0.09 
—0.32 =OyOx =0,07 +0.60 *| -+0.02 —o.08 
—0.17 O.03 —0.05 ci Onli2 +0.01 —o.08 
—0.03 0,02 —o.II +0.60 +0.03 —o.08 
—o.60 =0.03 —0.04 —0.33 +0.01 —o.08 
—o.16 —0.02 —0.05 +0.17 +o.o1 —0.07 
—o.58 —0.02 +0.01 +0.16 0.00 —0.07 
—0.12 —0.02 0.00 + 0.09 +0.03 0:07 
—0.43 Oro” —0.09 +0.35 +0.02 —0.06 
—o.46 —0.02 —0.02 +0.53 0.00 —0.05 
—0.37 —0.02 —0.02 —0.05 0.00 —0.05 
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RecA. Decl. 
Correction for Correction for 


Adjustment. Scale Value. Orientation. Origin. Adjustment. Scale Value. Orientation. Origin. 


” . ” ” ” mr 


—0.39 +0.03 +0.24 +0.11 —0.05 
+0.04 0:02 +0.24 +0.30 —0.04 
—0.15 +0.10 +0.24 —0.20 =O. 
05715 0.00 +0.24 —0.23 —0.04 
—0.07 —o.08 +0.24 —0.25 —0.02 
—o.10 —0.15 +0.24 0.13 —0.02 
—0.20 +0.02 +0.24 —o.78 —0.02 
—0.97 +0.07 +0,24 +0.18 —o.OI1 
—0.34 0.00 +0.24 +0.41 —o.01 
—I.16 +0.08 +0.24 —0.13 —o.oI 
—0.32 —o.OI +0.24 +0.36 —0.0I 
One 0.00 +0.24 +0.29 —o.oL 
=0.51 +0.06 +0.24 +0.05 —o.O1 
+o.16 —o.10 +0.24 +0.22 _ 0.00 
—o.82 —o.II +0.24 +1.30 0.00 
—0.34 +0.04 +0.24 —o.08 0.00 
+0.19 +0.09 +0.24 +0.10 0.00 
+o0.18 —0.04 +0.24 +0. 38 0.00 
—0.24 0.00 +0.24 +0.02 0.00 
+0.43 +0.10 +0.24 —0.36 +o.01 
—0-95 —oO.II +0.24 —0.39 0.01 
—o.80 —o.18 +0.24 sage +0.03 
—o0.2I —0.04 +0.24 Ont +0.03 
—o.28 +0.14 +0.24 +0.02 +0.04 
=O ey —0.05 +0.24 O34. +0.04 
“F0-37 +0.05 +0.24 +0.03 +0.06 
—0.29 +0.01 +0.24 +o0.18 +0.07 
OEev- —O.OI +0.24 SO0R +0.07 
—0.19 +0.04 +0.24 —0.04 +0.07 
—o.10 —0o.06 +0.24 —0.22 +0.08 
+0.03 —0.06 +0.24 0:30 +0.08 
—0.34 0,03 +0.24 —0.21 +0.08 
—o.61 +0.08 +0.24 —o.10 +o.10 
—0.41 0.03 +0.24 +0.97 +0.10 
—0.09 —0.02 +0.24 +1.04 +0.10 
—0.17 —0.05 +0.24 +0.24 +o.1I 
—0.30 +0.05 +0.24 +0.14 +0.11 
—o.12 —o.08 +0.24 0.71 =|-O.53 
One] +0.03 +0.24 0.00 +0.15 


The application of the sums of the values given in the preceding table to the assumed 
co-ordinates on pages 52 and 53 (for the Quadrilateral stars, on page 64), furnishes the 
following table of Final Places: — 
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Final Results of Second Vale Measurement. 


Bessel’s No. 


s 
a 


Right Asc. 1885.0. Precess. Sec. Var. Declination. Precess. 


15-71 | + 53-3329 | +0.2704 + II.7245 
23.10 -4016 2718 -7050 
49-75 +3566 .2699 6744 
30.67 +3295 2085 -6475 
42.27 2714 .2668 ‘ 6417 
8.83 a2 .2629 6253 
30.61 5254 B27 6237 
26.67 +3994 2697 6192 
Anon. 1 7:92 | .2597 2655 -6016 
Anon. 2 55:07 4065 2693 . 5933 
Anon. 4 : 50.28 3645 .2680 5987 
Anon. 5 i 13.89 4645 -2700 5869 
Anon. 6 ; 46.02 3497 2675 5843 
20 ¢ Maia . 45-65 3799 2681 5748 
Anon. 7 5 28.92 2687 -2651 5714 
21 & Asterope ; et.28 4457 .2697 5696 
22 7 Asterope : 58.27 -4399 2693 : 5505 
Anon. 8 é 54-10 +3305 .2661 5455 
Anon. 9 : 27-91 +3295 .2660 5429 
23 @ Merope : 30-63 -2484 2638 5378 
Anon. 10 13-76 3559 2664 5296 
D220 -1440 2605 : 5194 
19.87 3087 .2648 5148, 
3-74 -4593 .2082 4923 
53:42 5639 2708 ; 4883 
36.38 2813 .2634 4849 
13-11 .2106 .2613 4771 
35:99 +3314 2643 | 2: +4705 
6.22 1947 .2607 -4680 
17-18 3362 2644 -4672 
43-37 .3290 2642 -4651 
54-34 .2219 +2613 4643 

9°59 4921 2684 4631 
45-63 5167 .2690 : 4602 
41-74 PHO .2623 -4605 
27-23 1821 -2600 : .4569 
42-75 -3912 .2656 4557 
43:96 3282 2639 4556 
S775 +1622 2593 -4450 
22.95 +1417 2585 4378 
34.03 .6470 ATOR Ana 
40.88 .4183 2652 4031 

5-18 1146 2567 3916 
Anon. 29 40.97 4338 .2650 3834 
26s 45.08 2763 .2001 3499 
27 f Atlas ; 51.92 3484 2616 : 3349 
28 /# Pleione : 10.45 B775 2623 3334 
Anon. 30 ; 35-15 2923 .2601 +3314 
Anon. 31 : 23.56 .4691 .2646 3276 
Anon. 32 : 38.32 4657 2643 3215 
Anon. : 46.47 4213 .2633 3161 
Anon. 5 30.97 2438 2579 2932 
Anon. : 47.84 4278 2627 2919 
Anon. : 59-60 4218 .2623 2813 
Anon. : 20.92 -4679 -2634 .2796 
Anon. . gps .2960 +2591 .2762 
Anon. ; 5-36 5302 2042 2423 
Anon. : 31-52 35.49 2589 <2 12 


16 g Celaeno 
17 6 Electra 


18 m 
19 e Taygeta 


G0 G0 HEN DOOR D 9 G0 Go 


° 


Anon. It 
Anon. 12 


Anon. 13 
Anon. 14 
Anon. 
Anon. 
Anon. 
24 p 
Anon. 
Anon. 
Anon. 
Anon. 
Anon. 
Anon. 24 
25 7 Alcyone 
Anon. 25 
Anon. 26 


GO7 G0 G0~7 Go GOAT O\D G0 ONTO GO 0 
eoomnoumoounonsBN aS f 


Ooo woo oOyNTaAIN ANW N 


Lal 
= 


Anon. 27 
Anon. 28 


NNN HH 
BW OO COW 


w 
an 
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Approximate values for the probable errors of these final places may be derived by 
neglecting the effect of the complete solution and using the weights of the co-ordinates 
as found from the incomplete solution, on pages 68-81, using the value, +o”.118 for Wt. 1, 
as found on page 382. For the Quadrilateral stars, the rigid weights of the co-ordinates 
which can be determined are also found on this page. 


Probable Errors of Final Places. 


END FORD VOLwI. 
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